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SUMMARY 
The o b j e c t o f t h i s s t u d y i s t o c o n s i d e r r e l e v a n t p r o c e s s c o s t s 
i n f o r m u l a t i n g a c r i t e r i o n f o r t h e e c o n o m i c a l des ign , o f q u a l i t y c o n t r o l 
p r o c e d u r e s f o r a g e n e r a l c l a s s o f p r o c e s s e s . The c r i t e r i o n o f m a x i m i z i n g 
n e t income i s used i n t h i s s t u d y „ 
The p u r p o s e o f t h i s s t u d y i s t o measure t h e a v e r a g e n e t income f o r 
a p r o c e s s where p r o c e s s q u a l i t y i s a d e t e r m i n i s t i c v a r i a b l e ( d e f e c t i v e s a r e 
c o n t i n u o u s l y p r o d u c e d once a f a i l u r e has o c c u r r e d ) o r a s t o c h a s t i c v a r i ­
a b l e . I f p r o c e s s q u a l i t y i s a d e t e r m i n i s t i c v a r i a b l e t h i s s t u d y 
(1) d e t e r m i n e s t h e p r o d u c t i o n i n s p e c t i o n i n t e r v a l when p r o c e s s 
f a i l u r e i s a r e s u l t o f chance c a u s e s , 
(2 ) d e t e r m i n e s a p r o c e d u r e t o f i n d t h e p r o d u c t i o n i n s p e c t i o n i n t e r ­
v a l and p r e v e n t i v e m a i n t e n a n c e i n t e r v a l when p r o c e s s f a i l u r e i s a result 
o f w e a r o u t and chance c a u s e s , 
so t h a t t h e e x p e c t e d n e t income i s maximum. I f p r o c e s s q u a l i t y i s a 
s t o c h a s t i c v a r i a b l e t h e n t h e p u r p o s e i s t o o u t l i n e a met;hod o f d e t e r m i n ­
i n g t h e i n s p e c t i o n and p r e v e n t i v e m a i n t e n a n c e i n t e r v a l s , sample s i z e , and 
o t h e r q u a l i t y c o n t r o l v a r i a b l e s when p r o c e s s f a i l u r e i s a r e s u l t o f w e a r -
o u t and chance c a u s e s , so t h a t e x p e c t e d n e t Income i s maximum,. 
I n t h e f i r s t p r o d u c t i o n s y s t e m i n v e s t i g a t e d p r o c e s s f a i l u r e I s a 
r e s u l t o f chance causes and p r o c e s s q u a l i t y i s a d e t e r m i n i s t i c v a r i a b l e . 
The e x p e c t e d n e t income e q u a t i o n i s d e v e l o p e d f o r e i g h t c a t e g o r i e s . The 
c a t e g o r i e s a r e c o m b i n a t i o n s o f t h e f o l l o w i n g t h r e e d i v i s i o n s : 
( l ) s c r e e n i n g damages t h e p r o d u c t o r s c r e e n i n g does n o t damage t h e 
p r o d u c t , 
xi 
(2) t o t a l p r o d u c t i o n f o r t h e y e a r i s v a r i a b l e o r t o t a l p r o d u c t i o n 
f o r t h e y e a r i s a p r e d e t e r m i n e d c o n s t a n t } 
(3) s e q u e n t i a l o r c o n t i n u o u s s c r e e n i n g of p a s t p r o d u c t i o n f o r 
d e f e c t i v e s i s u s e d . 
When t o t a l p r o d u c t i o n i s f i x e d t h e c r i t e r i o n r e d u c e s i t s e l f t o m i n i m i z i n g 
c o s t s . The optimum i n s p e c t i o n i n t e r v a l i s c a l c u l a t e d f o r v a r i o u s s e l e c ­
t i o n s of t h e r i s k and c o s t p a r a m e t e r s when t o t a l p r o d u c t i o n i s v a r i a b l e and 
c o n t i n u o u s s c r e e n i n g i s employed , and when p r o d u c t i o n i s f i x e d and e i t h e r 
s e q u e n t i a l o r c o n t i n u o u s s c r e e n i n g i s u s e d . Approx ima te e x p r e s s i o n s f o r 
t h e optimum i n s p e c t i o n i n t e r v a l a r e a l s o d e r i v e d . The same g e n e r a l r e s u l t s 
a p p l y i f s c r e e n i n g damages t h e p r o d u c t and^/or t h e r e a r e n m u t u a l l y i n d e ­
penden t f a i l u r e c o m p o n e n t s . I t i s shown t h a t t h e optimum i n s p e c t i o n i n t e r . , 
v a l i s g r e a t e r when s e q u e n t i a l s e a r c h i s used i n p l a c e o f c o n t i n u o u s 
s c r e e n i n g i f t o t a l p r o d u c t i o n i s f ixed . . The optimum i n s p e c t i o n i n t e r v a l 
i s u s u a l l y s m a l l e r when income i s maximized t h e n i f c o s t s a r e m i n i m i z e d . 
Maximum e x p e c t e d n e t income i s l a r g e r when s e q u e n t i a l s e a r c h i s employed 
t h a n i f c o n t i n u o u s s c r e e n i n g i s u s e d . 
The second p r o c e s s s t u d i e d i n c o r p o r a t e s b o t h w e a r o u t and. chance 
f a i l u r e s w i t h p r e v e n t i v e m a i n t e n a n c e and p r o c e s s q u a l i t y i s a d e t e r m i n i s ­
t i c v a r i a b l e . The gamma p r o b a b i l i t y law i s used t o d e s c r i b e t h e phenomenon 
of w e a r o u t . The m a i n t e n a n c e p l a n i s t o o v e r h a u l t h e p r o c e s s c o m p l e t e l y 
wheneve r i t f a i l s a s a r e s u l t o f w e a r o u t o r a t t h e a u t o m a t i c p r e v e n t i v e 
m a i n t e n a n c e shutdown t i m e . Only t h e c a s e where s c r e e n i n g does n o t damage 
t h e p r o d u c t i n a n y way i s c o n s i d e r e d and s e q u e n t i a l s e a r c h f o r d e f e c t i v e s 
i s employed . No s o l u t i o n s a r e g i v e n b u t t h e e x p e c t e d n e t income e q u a t i o n 
i s d e r i v e d f o r t o t a l p r o d u c t i o n f i x e d o r v a r i a b l e . 
x i i 
The t h i r d p r o c e s s s t u d i e d e x t e n d s t h e second p r o c e s s t o t h e c a s e 
where p r o c e s s q u a l i t y i s a s t o c h a s t i c v a r i a b l e . The s e l e c t i o n of a 
" q u a l i t y c o n t r o l p l a n " ( i . e . a X - c h a r t o r p - c h a r t , e t c ) and the a p p l i ­
c a t i o n of the^ c r i t e r i o n a r e d i s c u s s e d b u t no s o l u t i o n s a r e g i v e n . 
I t i s s u g g e s t e d t h a t s i m u l a t i o n b e used in l o c a t i n g the optimum 




D e f i n i t i o n o f t h e P rob lem and t h e Scope of t h e S tudy 
At t h e p r e s e n t t i m e t h e m a j o r i t y o f q u a l i t y c o n t r o l p l a n s a r e 
b a s e d upon s t a t i s t i c a l c r i t e r i a w i t h o u t r e f e r e n c e t o t h e r e l e v a n t p r o ­
c e s s c o s t s . The o b j e c t of t h i s s t u d y i s t o c o n s i d e r t h e l a t t e r i n formu­
l a t i n g a c r i t e r i o n f o r t h e e c o n o m i c a l d e s i g n of q u a l i t y c o n t r o l , p r o c e d u r e s 
f o r a g e n e r a l c l a s s of p r o c e s s e s » 
The b a s i c a s s u m p t i o n s t h a t o u t l i n e t h e s y s t e m u n d e r s t u d y a r e : 
( 1 ) t h e p r o c e s s may have a n y number o f components whose f a i l u r e 
c a u s e s d e f e c t i v e p r o d u c t i o n , and component f a i l u r e s a r e m u t u a l l y i n d e p e n ­
d e n t , 
(2) p r o c e s s f a i l u r e i s a r e s u l t of i n d e p e n d e n t l y o c c u r r i n g chance 
o r w e a r o u t c a u s e s , 
(3) when a p r o c e s s f a i l u r e o c c u r s p r o d u c t i o n i m m e d i a t e l y s h i f t s 
from z e r o p e r c e n t d e f e c t i v e t o one hundred p e r c e n t d e f e c t i v e , 
(k) t h e p r o d u c t i o n r a t e i s c o n s t a n t and o n l y d i s c r e t e p r o d u c t s 
a r e c o n s i d e r e d , 
(5) s e q u e n t i a l o r c o n t i n u o u s s c r e e n i n g o f p a s t p r o d u c t i o n f o r 
d e f e c t i v e s may b e u s e d , 
(6) t h e s c r e e n i n g a c t i v i t y may o r may n o t damage t h e p r o d u c t , 
( 7 ) t h e number of u n i t s p r o d u c e d d u r i n g t h e p e r i o d o f i n t e r e s t 
may b e f i x e d o r v a r i a b l e , 
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(8) t h e v a r i o u s r i s k , c o s t , and income p a r a m e t e r s a r e known, o r 
a t l e a s t e s t i m a t e s a r e o b t a i n a b l e , and 
The f i r s t model s t u d i e d assumes t h a t f a i l u r e s a r e o n l y a r e s u l t 
of chance c a u s e s . N u m e r i c a l examples f o r t h i s model a r e s t u d i e d t o s e e 
how v a r i a t i o n i n t h e v a r i o u s r i s k and c o s t f a c t o r s a f f e c t t h e optimum 
d e s i g n o The second model i n v e s t i g a t e d i n c o r p o r a t e s w e a r o u t w i t h p r e v e n t i v e 
m a i n t e n a n c e , a l o n g w i t h chance f a i l u r e s . F i n a l l y , t h e t h i r d a s s u m p t i o n 
above i s r e l a x e d , t o a l l o w f o r d r i f t s a n d / o r s h i f t s i n p r o c e s s q u a l i t y . 
One of t h e e a r l i e s t a p p l i c a t i o n s o f s t a t i s t i c a l t h e o r y t o p r o d u c ­
t i o n q u a l i t y c o n t r o l was t h e o r i g i n a l Shewhar t c o n t r o l c h a r t - T h i s c h a r t 
e v o l v e d t h r o u g h i t s v a r i o u s forms t o t h e p r e s e n t d a y V-mask c u m u l a t i v e 
sum c h a r t . T h i s p r o g r e s s i s of c e n t r a l i n t e r e s t t o q u a l i t y c o n t r o l , b u t 
t h e q u e s t i o n t h i s s t u d y a s k s , and a n s w e r s , i s "What c o n s i d e r a t i o n s , 
b e s i d e s s t a t i s t i c a l o n e s , s h o u l d d e t e r m i n e t h e v a l u e s of t h e q u a l i t y con ­
t r o l p l a n v a r i a b l e s ? " 
I n many i n d u s t r i e s , namely m i s s i l e s and e l e c t r o n i c s , where q u a l i t y 
o r r e l i a b i l i t y i s of pa ramoun t i m p o r t a n c e , q u a l i t y c o n t r o l c o s t s a r e 
r a p i d l y i n c r e a s i n g . Feigenbaum (6) has p r e s e n t e d a t y p i c a l example where 
q u a l i t y c o n t r o l c o s t s amounted t o s e v e n p e r c e n t of t h e s a l e s d o l l a r . 
T h e r e f o r e , t h e f i r s t c o n s i d e r a t i o n , and t h e o n l y one u s u a l l y a p p l i e d i n 
p r a c t i c e , would b e t o r e d u c e q u a l i t y c o n t r o l c o s t s w h i l e m a i n t a i n i n g p r e s ­
e n t q u a l i t y l e v e l s . T h i s t y p e o f e c o n o m i c a l d e s i g n w i l l many t i m e s r e s u l t 
i n l a r g e s a v i n g s , b u t i t i s a s u b - o p t i m i z a t i o n s i n c e o n l y q u a l i t y c o n t r o l 
c o s t s a r e t h o u g h t r e l e v a n t . 
(9) t h e l o n g r a n g e p o i n t o f v iew i s a d o p t e d . 
The C r i t e r i o n 
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What i s needed i s a t h e o r e t i c a l a rgument t h a t s t a t e s what t h e 
c o n t r o l p l a n v a r i a b l e s s h o u l d b e f o r optimum o p e r a t i n g c o n d i t i o n s . The 
optimum o p e r a t i n g c o n d i t i o n t h a t w i l l have t h e g r e a t e s t a p p e a l t o b u s i ­
n e s s would be maximum n e t i ncome . T h i s c r i t e r i o n w i l l i n c o r p o r a t e such 
i t e m s a s t h e p r o d u c t s a l e p r i c e , t o t a l p r o d u c t i o n c o s t s , t h e number of 
u n i t s t o b e p r o d u c e d , e t c . , and i s o n l y a s u b - o p t i m i z a t i o n i n s o f a r a s t h e 
(*) 
p r o c e s s u n d e r s t u d y may be a p a r t o f a l a r g e r p r o d u c t i o n s y s t e m . When 
t h e t o t a l number o f u n i t s p r o d u c e d i s f i x e d , t h e n t h i s c r i t e r i o n w i l l 
r e d u c e t o t h e u s u a l one o f m i n i m i z i n g t o t a l r e l e v a n t c o s t . The c r i t e r i o n 
of max imiz ing n e t income i s used in. t h i s s t u d y * 
P u r p o s e 
The p u r p o s e of t h i s s t u d y : i s t o e s t a b l i s h a c r i t e r i o n t h a t mea­
s u r e s t h e a v e r a g e n e t income f o r a p r o c e s s where p r o c e s s q u a l i t y i s e i t h e r 
a d e t e r m i n i s t i c o r s t o c h a s t i c v a r i a b l e » I f p r o c e s s q u a l i t y i s a d e t e r ­
m i n i s t i c v a r i a b l e , t h e p u r p o s e i s : 
( i ) t o d e t e r m i n e t h e p r o d u c t i o n i n s p e c t i o n i n t e r v a l w h e n p r o c e s s 
f a i l u r e i s a r e s u l t of c h a n c e c a u s e s , and 
( i i ) t o d e t e r m i n e a p r o c e d u r e t o f i n d t h e p r o d u c t i o n i n s p e c t i o n 
i n t e r v a l a n d t h e i n t e r v a l o f p r e v e n t i v e m a i n t e n a n c e w h e n p r o c e s s f a i l u r e 
i s a r e s u l t o f wea rou t a n d c h a n c e c a u s e ? , s o t h a t the. a v e r a g e r e t income 
i s maxlmunio 
I f p r o c e s s q u a l i t y i s a s t o c h a s t i c v a r i a b l e , t h e p u r p o s e i s t o 
o u t l i n e a method t o d e t e r m i n e t h e i n s p e c t i o n and p r e v e n t i v e m a i n t e n a n c e 
— — — —"* ' • • : — : 
• I n . t h i s c a s e i n d i v i d u a l p r o c e s s s t u d i e s migh t b e combined i n t o 
a n o v e r a l l o p t i m i z a t i o n s t u d y . 
(**^nat i s , a p r o c e s s which c o n t i n u o u s l y p r o d u c e s d e f e c t i v e s once a 
f a i l u r e has o c c u r r e d . 
i n t e r v a l , sample s i z e , and o t h e r q u a l i t y c o n t r o l v a r i a b l e s when p r o c e s s 
f a i l u r e i s a r e s u l t o f w e a r o u t and c h a n c e c a u s e s , so t h a t t h e a v e r a g e 
n e t income i s maximum. 
Othe r R e s e a r c h i n Economica l Q u a l i t y 
C o n t r o l Plan. "Design, 
T h e . e c o n o m i c a l d e s i g n o f q u a l i t y c o n t r o l p l a n s i s r e c e i v i n g an 
e v e r i n c r e a s i n g amount o f a t t e n t i o n . The t y p e o f p r o c e s s t h a t i s most 
w i d e l y s t u d i e d , b e c a u s e i t i s w e l l s u i t e d t o s t a t i s t i c a l a n a l y s i s and i s 
of p r a c t i c a l i m p o r t a n c e , i s where t h e p r o c e s s mean s h i f t s a f i x e d d i s t a n c e 
wheneve r a f a i l u r e o c c u r s . P r e v i o u s s t u d i e s , Page ( 7 , 8 ) , W e i l e r ( 3 , ^ , 5 ) , 
and A r o i a n ( 2 ) , have sough t t h e optimum sample s i z e f o r c o n t r o l c h a r t s 
by m i n i m i z i n g t h e a v e r a g e amount o f i n s p e c t i o n r e q u i r e d t o d e t e c t t h e 
s h i f t i n t h e p r o c e s s q u a l i t y . 
Duncan ( l ) d e t e r m i n e s t h e c o n t r o l c h a r t l i m i t s , sample s i z e and t h e 
i n s p e c t i o n i n t e r v a l s f o r maximum a v e r a g e n e t income f o r a p r o c e s s t h a t 
f a i l s a s a r e s u l t of chance c a u s e s . I t o ( 9 ; s t u d i e s t h e s e l e c t i o n of 
t h e same v a r i a b l e s f o r m i n i m i z i n g t h e r e l e v a n t p r o c e s s q u a l i t y c o s t s . 
T h e r e have o n l y b e e n a few s t u d i e s ( 1 , 9 , 3 1 ) where t h e c r i t e r i o n 
of m a x i m i s i n g income , o r m i n i m i z i n g c o s t s , has b e e n a p p l i e d t o q u a l i t y 
c o n t r o l p l a n d e s i g n . To t h e a u t h o r ' s k n o w l e d g e , n e i t h e r c r i t e r i o n has 
been a p p l i e d t o p r o c e s s e s t h a t f a i l a s a r e s u l t o f b o t h wea rou t and chance 
c a u s e s . 
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CHAPTER I I 
^ 1 P r o c e s s f a i l u r e a s a r e s u l t of chance c a u s e s means t h a t p r o ­
c e s s f a i l u r e s o c c u r a t random i n t e r v a l s „ 
MODEL I 
I n t r o d u c t i o n 
I n t h i s c h a p t e r a l i f e - d e a t h m a n u f a c t u r i n g p r o c e s s i s s t u d i e d 
w h e r e , a s a r e s u l t of chance c a u s e s , ' t h e p r o d u c t f r a c t i o n d e f e c t i v e 
changes from z e r o p e r c e n t t o one hundred p e r c e n t d u r i n g an i n f i n i t e s i m a l 
p e r i o d of t i m e . A c r i t e r i o n i s d e v e l o p e d t o s e l e c t t h e i n t e r v a l s of t i m e 
a t w h i c h p r o d u c t i o n i s i n s p e c t e d so t h a t t h e e x p e c t e d n e t income f o r t h e 
p e r i o d of t i m e y i s a t i t s maximum v a l u e » I t i s shown t h a t i f t h e p l a n t 
has e x c e s s p r o d u c t i o n c a p a c i t y t h e above c r i t e r i o n r e d u c e s i t s e l f t o 
f i n d i n g t h e i n s p e c t i o n i n t e r v a l t h a t makes t h e e x p e c t e d t o t a l v a r i a b l e 
c o s t p e r n o n - d e f e c t i v e u n i t p roduced a minimum.0 The model i n c o r p o r a t e s 
t h e p o s s i b i l i t i e s f o r " s e q u e n t i a l " o r c o n t i n u o u s s c r e e n i n g c f p a s t 
p r o d u c t i o n f o r d e f e c t i v e u n i t s „ I t i s assumed t h a t : 
(1 ) t h e s c r e e n i n g and i n s p e c t i o n a c t i v i t i e s do n o t damage t h e 
p r o d u c t .in anyway, 
(2 ) no d e f e c t i v e s a r e s o l d , o r t h a t t h e s c r e e n i n g p r o c e d u r e w i l l 
e l i m i n a t e a l l d e f e c t i v e s , and 
(3) t h e p r o c e s s i s s t o p p e d o n l y when a f a i l u r e i s d i s c o v e r e d . 
Model I i s d e v e l o p e d i n Append ix E f o r t h e c a s e when t h e s c r e e n ­
ing and i n s p e c t i o n a c t i v i t y c a u s e t h e p r o d u c t t o become d e f e c t i v e . 
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The p r o c e s s may con ta in , a n y number of components whose f a i l u r e 
r e s u l t s i n d e f e c t i v e p r o d u c t i o n . The r e s t r i c t i o n on p r o c e s s f a i l u r e s i s 
t h a t e a c h component f a i l s a s a r e s u l t of i n d e p e n d e n t l y o c c u r r i n g chance 
c a u s e s and component f a i l u r e s a r e m u t u a l l y i n d e p e n d e n t . 
A l t h o u g h i t i s t r u e t h a t w e a r o u t f a i l u r e i s a lways p r e s e n t i f i t 
i s assumed t h a t t h e mean t i m e b e t w e e n w e a r o u t f a i l u r e s i s t e n o r more 
t i m e s t h e o r d e r of t h e mean t i m e b e t w e e n c h a n c e f a i l u r e s , t h e n t h e e f f e c t 
o f w e a r o u t f a i l u r e w i l l be s m a l l J ' They w i l l be n e g l e c t e d i n . t h i s c h a p t e r . 
I n f a n t m o r t a l i t y , o r t h e phenomena o f i n i t i a l and v e r y e a r l y machine t o o l 
f a i l u r e , i s n o t c o n s i d e r e d i n Model I„ A model w i t h o n l y c h a n c e f a i l u r e s 
i s t h e s i m p l e s t f a i l u r e model and t h e r e f o r e w i l l be s t u d i e d f i r s t . 
A s y s t e m w i t h w e a r o u t components w i l l p r o g r e s s t o a s t a t e where 
a l l f a i l u r e s o c c u r r andomly in. t i m e when t h e r e i s no p r e v e n t i v e m a i n t e n ­
a n c e ( s e e ( 3 0 ) ) o Model. I a p p l i e s t o t h i s c a s e i f o r e w a i t s f o r t h e s y s ­
t e m t o g e t " o l d o " 
Examples 
(1 ) C o n s i d e r an a u t o m a t i c m a c h i n e , s u c h a s an a u t o m a t i c punch 
p r e s s o r c u t t i n g t o o l , t h a t p r o d u c e s u n i t s a t a c o n s t a n t r a t e » The punch 
p r e s s o r c u t t i n g t o o l may s l i p o u t o f l i n e , c h i p , b r e a k s o r o t h e r w i s e 
f a i l b e c a u s e of i n d e p e n d e n t l y o c c u r r i n g c h a n c e c a u s e s ° The p r o b l e m i s 
t o f i n d a t what i n t e r v a l s t h e machine \s p r o d u c t t e n s h o u l d b e checked, so 
t h a t maximum income i s o b t a i n e d „ The machine c o n s i d e r e d may a c t u a l l y "be 
^*More s p e c i f i c a l l y i f a > 4 , JI > p j l • a A ~ \ and a < ( a - ^ ^ A ) 0 
( 2 » 3 ) , where t h e w s u b s c r i p t r e f e r s t o t h e w e a r o u t d i s t r i b u t i o n , t h e n 
i t i s assumed t h a t t h e e f f e c t o f w e a r o u t f a i l u r e can. b e n e g l e c t e d o 
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a g r o u p of mach ines i n s e r i e s whe re p r o d u c t i o n i s o n l y i n s p e c t e d a f t e r t h e 
u n i t has p a s s e d t h r o u g h t h e l a s t o p e r a t i o n . 
(2 ) C o n s i d e r a m i s s i l e s t a n d i n g in. i t s s i l o w h e r e , from t i m e t o 
t i m e , i t i s checked ou t t o s e e i f i t w i l l r e spond c o r r e c t l y t o a f i r i n g 
i m p u l s e . The m i s s i l e f a i l s , o r does n o t f i r e when c a l l e d upon t o do s o , 
as a r e s u l t of i n d e p e n d e n t l y o c c u r r i n g c h a n c e c a u s e s s u c h a s e r o s i o n and 
c o r r o s i o n . N a t u r a l l y , t h e m i l i t a r y would l i k e t h e f r a c t i o n o f r e a d y m i s ­
s i l e s ( i . e . , t h o s e m i s s i l e s t h a t w i l l , f i r e ) p e r t o t a l m i s s i l e p o p u l a t i o n 
a t t h i s b a s e t o h e maximum, h u t c o s t s car, n o t be i g n o r e d . A p o s s i b l e 
c r i t e r i o n migh t b e t o u s e t h e I n s p e c t i o n i n t e r v a l t h a t makes t h e p e r c e n t 
of r e a d y m i s s i l e s p e r t o t a l o p e r a t i o n a l c o s t a maximum^ 
(3) On t h e more g e n e r a l l e v e l s c o n s i d e r a c e r t a i n l a n d a r e a L 
t h r o u g h t h e p a s s a g e of t i m e . The system, i s s a i d t o f a i l when T p e r c e n t 
of t h e i n h a b i t a n t s of L have c h a r a c t e r i s t i c C . To b e more s p e c i f i c , l e t 
L b e a g e o g r a p h i c a l , a r e a i n a p a r t i c u l a r c o u n t r y and C b e m a l a r i a . A s s u ­
ming T 0 a t t h e s t a r t , o r t h a t t h e r e has j u s t b e e n a s u c c e s s f u l m a l a r i a 
e r a d i c a t i o n campaign i n L, t h e a r r i v a l s of C i n L may b e random. The 
p r o b l e m i s t o d e c i d e on t h e t i m e i n t e r v a l s o f m a l a r i a i n s p e c t i o n i n L s u c h 
t h a t t h e p e r c e n t o f m a l a r i a f r e e i n h a b i t a n t s i n L p e r t o t a l o p e r a t i o n a l 
c o s t i s maximum. 
The Prob lem 
A g e n e r a l t y p e o f m a n u f a c t u r i n g p r o c e s s i s i n v e s t i g a t e d and i t i s 
assumed t h a t t h e p r o d u c t i o n , r a t e i s a c o n s t a n t number , R, of d i s c r e t e 
u n i t s p e r p r o c e s s r u n n i n g h o u r . The u n i t s a r e u s u a l l y one hundred p e r 
c e n t a c c e p t a b l e from t h e q u a l i t y s t a n d p o i n t ; howeve r , o c c a s i o n a l l y t h e 
p r o c e s s p r o d u c e s u n i t s w h i c h a r e one hundred p e r cent; u n a c c e p t a b l e . 
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When u n a c c e p t a b l e u n i t s a r e b e i n g p roduced i t s h a l l be s a i d t h a t t h e p r o ­
c e s s , o r e q u i v a l e n t l y t h e mach ine t o o l , has f a i l e d . When a f a i l u r e o c c u r s , 
p r o d u c t i o n i m m e d i a t e l y changes from z e r o p e r c e n t d e f e c t i v e t o one hundred 
p e r c e n t d e f e c t i v e and t h e p r o c e s s w i l l c o n t i n u o u s l y p r o d u c e d e f e c t i v e s 
u n t i l t h e f a i l u r e i s d i s c o v e r e d and t h e machine too l , i s f i x e d . 
Assume t h e p r o c e s s c o n t a i n s n components whose f a i l u r e r e s u l t s i n 
d e f e c t i v e p r o d u c t i o n . The a r r i v a l r a t e of p r o c e s s f a i l u r e s , a s a r e s u l t 
of chance c a u s e s , i s c o n s i d e r e d t o b e a t an a v e r a g e r a t e of A o c c u r r e n c e s 
p e r f a i l u r e f r e e r u n n i n g h o u r . 
The q u a l i t y c o n t r o l p r o c e d u r e i s t o i n s p e c t t h e process e v e r y h 
p r o c e s s r u n n i n g h o u r s and i f t h e o b s e r v e d i t e m i s a c c e p t a b l e l e t t h e p r o ­
c e s s c o n t i n u e o p e r a t i n g . I f t h e o b s e r v e d i t e m i s d e f e c t i v e t h e n t h e i n ­
s p e c t o r i m m e d i a t e l y s t o p s p r o d u c t i o n , t h e machine t o o l i s p u t b a c k i n f o 
a n o n - f a i l e d s t a t e , and p a s t p r o d u c t i o n i s s c r e e n e d f o r d e f e c t i v e s . 
The p r o b l e m i s f i r s t t o d e v e l o p t h e c r i t e r i o n of max imiz ing n e t 
income i n t e r m s o f h and t h e n t o c a l c u l a t e t h e optimum h f o r a s u i t a b l e 
r a n g e o f t h e v a r i o u s c o s t and r i s k p a r a m e t e r s . 
P r o c e s s F a i l u r e D e n s i t y F u n c t i o n 
The f a i l u r e d e n s i t y f u n c t i o n f o r a p r o c e s s t h a t f a i l s a s a r e s u l t 
of c h a n c e c a u s e s i s assumed t o b e 
-At f o r t > 0 
(1) 
f o r t < 0 
where X" « t h e mean t i m e be tween p r o c e s s f a i l u r e s . 
T h i s r e s u l t i s d e r i v e d i n Appendix A f o r a p r o c e s s t h a t has n 
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f a i l u r e c o m p o n e n t s . The f a i l u r e d e n s i t y f u n c t i o n i s t h e same a s e q u a t i o n 
(1.) when t h e p r o c e s s has one o f n f a i l u r e c o m p o n e n t s . The change o c c u r s 
i n t h e p r o c e s s f a i l u r e a r r i v a l r a t e and A w i l l b e t h e sum of a l l t h e com­
p o n e n t ! s f a i l u r e a r r i v a l r a t e s . Model I i s g e n e r a l i z e d t o t h e c a s e o f a 
p r o c e s s w i t h n f a i l u r e components i n Appendix A. I n t h e r e s t o f t h i s 
c h a p t e r ou r a t t e n t i o n w i l l b e r e s t r i c t e d t o a p r o c e s s t h a t has one compo­
n e n t whose f a i l u r e r e s u l t s i n d e f e c t i v e p r o d u c t i o n and t h e f a i l u r e i s a 
r e s u l t of one c h a n c e c a u s e . The e s t i m a t i o n o f t h e p a r a m e t e r A i s d i s ­
c u s s e d i n Appendix B . 
D e f i n i n g t h e C r i t e r i o n 
D e f i n e t h e number T,, t o b e 
M 
T., = Maximum M 
h > 0 
Expec t ed < n e t income 
y y e a r s 
(2) 
where h i s t h e number o f p r o c e s s r u n n i n g h o u r s b e t w e e n . i n s p e c t i o n s . 
(*-*) Assuming t h e number T„ e x i s t s , l e t h b e t h a t v a l u e of h > 0 D M ' op — 
which w i l l p r o d u c e t h e number T^„ When h = h ^ t h e e x p e c t e d n e t income 
f o r t h e p e r i o d y w i l l b e maximum. E q u a t i o n (2) w i l l b e used a s t h e c r i ­
t e r i o n f o r s e l e c t i n g a v a l u e o f h . 
(#**) 
I t i s e a s y t o show t h a t t h e v a l u e o f h ^ i s i n d e p e n d e n t o f y . 
T h e r e f o r e , w i t h o u t l o s s of g e n e r a l i t y , y w i l l b e a s sumed t o b e u n i t y 
t h r o u g h o u t t h e r e m a i n d e r of t h i s s t u d y . 
— ™ ~ — 
^ Appendix A a l s o i n c o r p o r a t e s t h e p o s s i b i l i t y o f many i n d e p e n ­
d e n t l y o c c u r r i n g c a u s e s o f c h a n c e f a i l u r e f o r e a c h of t h e n p r o c e s s f a i l ­
u r e c o m p o n e n t s . 
(**)• I t i s shown i n l a t e r s e c t i o n s t h a t i n a n y p r a c t i c a l c a s e t h e f 
(***), 
number T., e x i s t s and t h a t h i s u s u a l l y u n i q u e M op «/ ^ 
There i s one r e s t r i c t i o n on y and t h a t i s t h a t i t must b e l a r g e 
enough t o c o n s t i t u t e a " l o n g r a n g e " s t u d y . T h i s r e s t r i c t i o n i s e x p l a i n e d 
i n a l a t e r s e c t i o n . 
10 
T e r m i n o l o g y 
- n i f n < X < n + l , and 
n i s an i n t e g e r , X, a n y r e a l number , 
V t h e d o l l a r s a l e p r i c e of a u n i t of p r o d u c t i o n , 
U = t h e t o t a l number o f s a l e a b l e u n i t s p r o d u c e d d u r i n g t h e y e a r , 
H = t h e t o t a l c l o c k h o u r s p e r y e a r t h a t t h e p l a n t i s i n o p e r a ­
t i o n , 
R = t h e p r o d u c t i o n r a t e in. t h e number of d i s c r e t e u n i t s p r o ­
duced p e r p r o c e s s r u n n i n g hctur (assumed c o n s t a n t ) , 
A = t h e mean number o f p r o c e s s f a i l u r e s , a s a r e s u l t of chance 
c a u s e s , p e r f a i l u r e f r e e p r o c e s s r u n n i n g h o u r , 
s = t h e d o l l a r income r e c e i v e d from a d e f e c t i v e u n i t (which may 
be o b t a i n e d a s a r e s u l t o f s e l l i n g d e f e c t i v e s f o r s c r a p o r from t h e 
r e - w o r k i n g of d e f e c t i v e s f o r n o r m a l s a l e ; t h i s i s u s u a l l y c a l l e d s a l v a g e 
v a l u e and 0 < s < V ) , 
C = t h e c o s t i n d o l l a r s f o r t h e i n s p e c t o r t o i n s p e c t t h e p r o ­
c e s s t o s e e i f i t has f a i l e d o r n o t f a i l e d , 
S = t h e c o s t i n d o l l a r s p e r u n i t t o s c r e e n p r o d u c t i o n i n o r d e r 
t o c l a s s i f y e a c h i t e m a s d e f e c t i v e o r n o t d e f e c t i v e , 
A l l t h e f o l l o w i n ; t e r m s a r e d e f i n e d so t h a t t h e c r i t e r i o n f u n c t i o n 
may he e x p r e s s e d i n t e r m s of i t s v a r i a b l e h . A l l t h e s y m b o l s , and t e r m s , 
used i n t h i s c h a p t e r a r e p r e s e n t e d i n t h e L i s t of Symbols i n Append ix L 
f o r e a s y r e f e r e n c e . 
Let E b e t h e s t a t i s t i c a l , e x p e c t e d v a l u e o p e r a t o r , 
h = t h e i n s p e c t i o n i n t e r v a l i n p r o c e s s r u n n i n g h o u r s , 




"Tool c y c l e " = t h e e l a p s e d c l o c k h o u r s from when t h e p r o c e s s b e g i n s 
p r o d u c i n g n o n - d e f e c t i v e u n i t s u n t i l t h e p r o c e s s i s r e a d y t o s t a r t aga in , 
w i t h a machine t o o l in t h e n o n - f a i l e d s t a t e a f t e r a f a i l u r e has b e e n d i s ­
c o v e r e d and r e m e d i e d , 
= t h e r e t o o l i n g c o s t , o r t h e c o s t i n d o l l a r s of g e t t i n g t h e 
machine t o o l i n t o a n o n - f a i l e d s t a t e a f t e r a f a i l u r e has been d i s c o v e r e d , 
D = t h e c l o c k h o u r s of no p r o d u c t i o n p e r t o o l c y c l e ( t h i s i s t h e 
t i m e i t t a k e s t o g e t t h e p r o c e s s r e a d y t o b e g i n p r o d u c t i o n a g a i n a f t e r a 
f a i l u r e has b e e n d i s c o v e r e d and i n c l u d e s t h e s c r e e n i n g and r e t o o l i n g a c t ­
i v i t i e s ; t h i s number i s u s u a l l y t e r m e d t h e " d o w n t i m e " ) , 
L = t h e p r o c e s s .nmning h o u r s p ^ r t o o l - : yc lo , 
I = t h e number of i n s p e c t i o n s p e r t o o l c y c l e , 
•- t h e number of p r o c e s s r u n n i n g h o u r s t h a t t h e p r o c e s s i s 
making d e f e c t i v e s p e r t o o l c y c l e , 
N q = t h e number of u n i t s t h a t must b e s c r e e n e d p e r t o o l c y c l e t o 
e l i m i n a t e a l l d e f e c t i v e s , 
T = t h e p r o c e s s r u n n i n g h o u r s t o a f a i l u r e , and 
E ( L ) - L , = I , E ( H b ) - 1 ^ E ( N c ) . 1 q , 
v = t h e t o t a l v a r l a b l e c o s t p e r_. n o n - d e f m$tive u n i t p r o ­
d u c e d , 
Y ~ t h e t o t a l v a r i a b l e p r o d u c t i o n c o s t p e r u n i t p r o d u c e d , (which 
i n c l u d e s s u c h c o s t s a s m a t e r i a l s , l a b o r , p o w e r , e t c . , and n o t e t h a t X < v } , 
d = t h e mean c l o c k h o u r s i t t a k e s t h e i n s p e c t o r t o d e c i d e w h e t h e r 
t h e p r o c e s s ha s f a i l e d o r n o t f a i l e d (assume 0 < d < h ) , 
f = t h e t o t a l f i x e d p r o c e s s c o s t f o r t h e y e a r ( i n c l u d i n g s u c h 
i t ems a s r e n t , t a x e s , d e p r e c i a t i o n , e t c . ) , 
=s t h e c o s t i n d o l l a r s f o r e a c h hour o f i d l e t i m e when t h e p r o ­
c e s s s h o u l d b e in p r o d u c t i o n ( t h i s number c o m p r i s e s a l l t h o s e c o s t s t h a t 
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a r e n o t e l i m i n a t e d when t h e p r o c e s s i s n o t i n p r o d u c t i o n , f o r e x a m p l e , 
i d l e l a b o r c o s t s ) . 
A l l t h e p a r a m e t e r s d e f i n e d above a r e p o s i t i v e n o n - z e r o ( e x c e p t s , 
d and p o s s i b l y ) q u a n t i t i e s . 
I f t h e p r o c e s s unde r s t u d y i s a p a r t of a l a r g e r p r o d u c t i o n l i n e , 
then. V w i l l be t h e v a l u e of t h e p r o d u c t a t t h i s p o i n t i n p r o d u c t i o n o " I n 
Model I , D w i l l b e t a k e n a s a c o n s t a n t o Hence , i t i s assumed t h a t t h e 
s c r e e n i n g t i m e i s e i t h e r l e s s t h a n t h e r e t o o l i n g t i m e o r e l s e t h a t i t can 
b e c o n d u c t e d i n d e p e n d e n t l y from t h e p r o c e s s . I t i s f u r t h e r assumed t h a t 
t h e i n s p e c t o r i n s p e c t s t h e l a s t i t e m produced„ U n l e s s o t h e r w i s e s t a t e d , 
U i s assumed t o be a v a r i a b l e . 
Development of t h e C r i t e r i o n F u n c t i o n 
I t i s s e e n t h a t 
n e t income 
y e a r 
E I U 
1 U 
r f " 
X 
v t _ } 
J 
net._in.come 
u n i t " scOtT 
= VE(U) - E(Uv; - f 
D e r i v a t i o n of E(U) 
Let 
ss t h e p r o c e s s r u n n i n g h o u r s t o a f a i l u r e i n t h e i t h t o o l c y c l e , 
L^ = t h e p r o c e s s runn.in.g h o u r s t o when a f a i l u r e i s d i s c o v e r e d 
f o r t h e i t h t o o l c y c l e . 
^•*^t w i l l be s e e n t h a t h i s o n l y d e p e n d e n t upon A, Y, s , S , d , R, 
and C i f U i s c o n s t a n t and h i s d e p e n d e n t upon d , D, V, 0 ^ , R„ , A, 1.3 
s , S , R, and C i f U i s a v a r i a b l e . T h e r e f o r e j i f IT i s f i x e d , o n l y e s t i ­
m a t e s f o r A, Y, s , S, d , R_, and C need t o h e ob ra ined , in. o r d e r t o c a l c u ­




f - ' t o t a l f a i l u r e f r e e p r o c e s s r u n n i n g h o u r s 
p l a n t o p e r a t i n g c l o c k hour ' 
and i f m i s t h e t o t a l number o f t o o l c y c l e s in. t h e y e a r , t h e n 
I t can. b e shown, s e e (22) o r (23), t h a t 
E(T ) 
l i m i t E (F) - E f L T T D > fe) 
f o r a n y i - 1,2,..«, » Assum.ing H R i s l a r g e , so t h a t m i s l a r g e , t h e 
f o l l o w i n g a p p r o x i m a t i o n f o r E(F) w i l l b e used'-"- ' 
E ( T , ) 
1 • 
E ( F ) * E ( L . ) + D ° ( 6 
I t f o l l o w s t h a t 
E ( T . ) * / A-te~Atdt « A " 1 
.1 
(*) 
1 T h i s a p p r o x i m a t i o n i s e x p r e s s e d in t e r m s of m. in. Appendix C. I t 
i s assumed t h r o u g h o u t t h i s s t u d y t h a t t h e l o n g r a n g e p o i n t o f v iew i s 
a d o p t e d . Th i s i m p l i e s tha t , m i s l a r g e and hence t h e a p p r o x i m a t i o n o f 
e q u a t i o n . (6 ) i s u s e f u l . T h i s same r e a s o n i n g i s a p p l i e d a number of 
t i m e s i n t h i s s t u d y . I f one w i s h e s t o a p p l y t h e d e v e l o p m e n t s t o a s h o r t 
r a n g e s t u d y , t h e n an a n a l y s i s s i m i l a r t o t h a t o f Append ix C s h o u l d b e 
c a r r i e d o u t e a c h t i m e t h i s t y p e of a p p r o x i m a t i o n i s u s e d . 
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for any tool cycle, 
Therefore, 
U ~ H R R F , 
hence 
H_ R 
E(U) 4 . (8) 
A(L + D) 
From Appendix D, 
L - h i + d , (9 
and i t n o w , f o l l o w s t h a t 
\ R 
E ( U ) * — — — — . (io; 
A ( h l + d + D) 
D e r i v a t i o n o f E ( v ) 
Let 
I¥L '» t h e t o t a l v a r i a b l e c o s t i n c u r r e d i n t h e i t h t o o l c y c l e , 
- t h e p r o c e s s r u n n i n g h o u r s t o a f a i l u r e i n t h e I th . t o o l c y c l e , 
L^ = t h e t o t a l p r o c e s s r u n n i n g h o u r s i n t h e i t h t o o l c y c l e , 
1^ s= t h e t o t a l number of i n s p e c t i o n s i n t h e i t h t o o l c y c l e , 
* t h e amount of t i m e t h e p r o c e s s i s p r o d u c i n g d e f e c t i v e s 
i n t h e i t h t o o l c y c l e , and 
N . ~ t h e number of u n i t s s c r e e n e d i n t h e i t h t o o l c y c l e , o i J 
The t o t a l v a r i a b l e c o s t , JVL, f o r t h e i t h t o o l c y c l e , w i l l b e com­
posed of t h e sum 
15 
( i n s p e c t i o n c o s t •- C I . ) + ( s c r e e n i n g c o s t - SN . ) + 
0 1 ' 
( d e f e c t i v e p r o d u c t i o n ^ s a l v a g e i n c o m e ^ c o s t •= - s R H ^ ) + 
(downtime c o s t s = DC, + R_) + 
d C 
( t o t a l v a r i a b l e p r o d u c t i o n c o s t .= YRL^) „ ( l l ) 
T h e r e f o r e 
o r 
s i n c e 
D e f i n e 
M. = C I . = + SN . + DC, + R„ - sRH . + YRL. , 
1 l o i d C b.i i 
M. = C I . + SN . + R ( Y - s ) E . + DC + R + YRT. , (12) 
I l o i v ' p i d C I ' V 
L. - + T . (13) 
0 - t o t a l v a r i a b l e c o s t 
n o n - d e f e c t i v e u n i t p roduced f 








I t can b e shown, s e e (22) o r (23), t h a t 
E(M, ) 
l i m i t E ( 0 ) = • — , 
m —* » R E ( T i ) 
f o r a n y i = 1,2,. . . , Assuming i s l a r g e , so t h a t m i s l a r g e , t h e 
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f o l l o w i n g a p p r o x i m a t i o n f o r E(0) w i l l b e used (*) 
E(M.) 
i 
Now, f o r a n y t o o l c y c l e 
E(M j.) = CI + R(Y-s ) + S l Q + C dD + R Q + YRA" 1 , ( V 
s i n c e , from e q u a t i o n (7) , E>(3\) ~ "k"^~. 
S u b s t i t u t i n g e q u a t i o n s (7) and (15) i n t o e q u a t i o n ( 1 4 ) i t i s 
s e e n t h a t 
E(v ) = E(0) = ~ ( CI + R(Y-s)H^ + S 1 q + C d D+R c )+Y . (16 
The e x p r e s s i o n s f o r I and a r e d e r i v e d in. Append ix D 
D e r i v a t i o n of E(Uy) 
I t i s e a s i l y s e e n t h a t 
Uv ~ t h e t o t a l v a r i a b l e c o s t f o r t h e y e a r 
D e f i n e 
T = t h e t o t a l v a r i a b l e c o s t 
Y = J L U —I. 
o p l a n t o p e r a t i n g c l o c k hour 3 





L. + D ) 
1 i = l 
e e t h e f o o t n o t e on page 13. 
17 
s i n c e m i s t h e t o t a l number of t o o l c y c l e s i n t h e y e a r . 
Assuming i s l a r g e , so t h a t m i s l a r g e , t h e f o l l o w i n g a p p r o x i -
v (*) 
mat i on f o r E(F ) w i l l b e u s e d ' ' 
B ( M . ) 
E ( F ) = _ L _ . 
P(L.) + D 
Now 
Uv = H„ F , 
R o ' 
hence 
EJE(M ) 
E ( U V ) A ^ J V B . (17) v i 
f o r a n y i - 1 , 2 , . m . Us ing e q u a t i o n (15) f o r E(M } and e q u a t i o n ;,9) 
f o r E(L ) i n e q u a t i o n (17) I t i s s e e n t h a t 
^'CI + R ( X - a ) l b + S l Q r C d D + RQ t Y R A " 1 ^ 
h i i c -f D 
The C r i t e r i o n F u n c t i o n 
S u b s t i t u t i n g e q u a t i o n s (10) and. (18) i n t o e q u a t i o n (3) i t f o l l o w s 
t h a t t h e c r i t e r i o n f u n c t i o n becomes 
f (V-Y)RA" 1 - CI r R(Y-6)H U + SN + C D f R . 
T 4 Max J „ „ , _ J ^ - - ^ _ - - J L ^ ^ . (19) 
h > 0 hi. -t d •+• D 
T h e r e f o r e , h i s d e t e r m i n e d b y t h e number DA(r where ' o p * M 
v 'See f o o t n o t e on page 13. 
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and i t f o l l o w s t h a t 
'CI + R ( Y - s ) ! ^ + I 
= Minimum o 
h > 0 h i + d + D 
where 
C g = (V-vY)RA"1 - (DC d + R ) > 0 . [21.] 
Only t h e e x p r e s s i o n s f o r I , H^., and w i l l con ta in , t h e v a r i a b l e 
ho Th i s . i m p l i e s , .if h £ 0 o r h 4 0 0» t h a t e q u a t i o n ( 2 0 j might fee 
op 1 op ' ' A ' ^ 
d i f f e r e n t i a t e d w i t h r e s p e c t t o h. and t h e n s o l v e d f o r h 0 T h i s w i l l be 
op 
t h e p r o c e d u r e once e x p r e s s i o n s f o r N a r e determined. 
E x p r e s s i o n s f o r WQ 
I f t h e t i m e s e q u e n t i a l o r d e r of a l l t h e u n i t s o f d o u b t f u l l y accep t 
a b l e p a s t p r o d u c t i s d e t e r m i n a b l e then, t h e s c r e e n i n g p r o c e d u r e may he 
c o n t i n u o u s o r s e q u e n t i a l . I f t h e t i m e s e q u e n t i a l o r d e r of p a s t p r o d u c ­
t i o n i s n o t d e t e r m i n a b l e , f o r example i f t h e u n i t s o f p r o d u c t i o n go 
d i r e c t l y i n t o a t o t e b o x , then, a l l d o u b t f u l l y a c c e p t a b l e p a s t p r o d u c t i o n 
must be s c r e e n e d . I n t h e l a t t e r c a s e 
1 = R(h t d) - 1. . ('22; 
o • 
C o n t i n u o u s S c r e e n i n g 
In t h i s c a s e i t i s ' b e t t e r t o sc reen , from t h e f i r s t u n i t p roduced 
i n t h e i n s p e c t i o n i n t e r v a l u n t i l t h e f i r s t d e f e c t i v e u n i t i s f o u n d . The 
s c r e e n i n g i s fo rward i n t i m e b e c a u s e w i t h t h e e x p o n e n t i a l f a i l u r e d i s t r i ­
b u t i o n t h e e x p e c t e d t i m e t o a f a i l u r e i s a l w a y s l e s s t h a n H^2? i f a f a i l ­
u r e h&e o c c u r r e d w i t h i n , t h e i n s p e c t i o n i n t e r v a l . T h e r e f o r e 
M 
1 9 
= R < (h + d ) - ( 2 3 
S e q u e n t i a l S c r e e n i n g 
A s e q u e n t i a l s e a r c h p r o c e d u r e i s one i n wh ich t h e c h o i c e of t h e 
( k + l ) t h i n s p e c t e d i t e m i s a f u n c t i o n of t h e o b s e r v a t i o n , d e f e c t i v e o r 
n o n - d e f e c t i v e , on t h e k t h i n s p e c t e d i t e m . The optimum s e q u e n t i a l s c r e e n ­
ing p l a n w i l l be t h a t scheme t h a t m i n i m i z e s t h e mean number of i n s p e c t e d 
u n i t s needed t o f i n d a l l t h e d e f e c t i v e i t e m s . Moder ( 1 6 ) shows t h a t a 
good a p p r o x i m a t i o n t o t h i s optimum p l a n f o r t h e e x p o n e n t i a l d i s t r i b u t i o n 
i s t h e i n t u i t i v e r u l e of s e l e c t i n g t h e u n i t a t t h e m i d - r a n g e o f t h e r e s u l t ' 
ing i n t e r v a l , of u n c e r t a i n p r o d u c t i o n f o r t h e next, i n s p e c t i o n . For a l l 
p r a c t i c a l p u r p o s e s , t h e m i d - r a n g e p l a n i s optimum f o r t h e e x p o n e n t i a l 
(*) 
d i s t r i b u t i o n ^ 
N q f o r t h e M i d - r a n g e S e q u e n t i a l . S c r e e n i n g P l a n 
Def ine 
and i n g e n e r a l 
f 2 ( h ; R , d ) = 
r f 2 ( h . ; R, d ) - 1 
f n + 1 ( * ; R , d 
f n ( h ; R, d ) - 1 
(2k) 
( 2 5 ) 
( 2 6 ) 
^ T f Ah < 1 , a c o n d i t i o n t h a t h o l d s i n a n y p r a c t i c a l c a s e , t h e 
maximum d i f f e r e n c e be tween t h e e x p e c t e d v a l u e o f t h e r e m a i n i n g i n t e r v a l 
of u n c e r t a i n p r o d u c t i o n when t h e optimum s e q u e n t i a l s c r e e n i n g p l a n i s 
used and when t h e m i d - r a n g e s e l e c t i o n i s used i s 0 . 0 0 7 o f an hour when 
A = h = 1 ( s e e ( 1 6 ) ) . T h i s maximum d i f f e r e n c e o f ( 0 . 0 0 7 ) R h u n i t s of 
p r o d u c t i o n i s n e g l i g i b l e b e c a u s e n u m e r i c a l s t u d i e s s u g g e s t t h a t Rh w i l l 
be l e s s t h a n 1 . 0 0 0 . 
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f o r n = . 1 , 2 , ; ; , . . , a n d R ( d + h ) > 2 
I t i s e a s i l y s e e n t h a t t h e r e i s a n s u c h t h a t ; 
fn.K. ( h ; R , d ) - 0 . (2T)' 
I t i s a s s e r t e d t h a t 
n * < N < n -f 1 o ( 2 0 5 
I n i t i a l l y , a f t e r a f a i l u r e h a s b e e n d i s c o v e r e d , t h e r e a r e R ' h . + d ) - l 
u n i t s o f d o u b t f u l p r o d u c t i o n . W h e n t h e k t h u n i t i s t o b e s c r e e n e d , t h e 
s m a l l e r a r e a o f t h e t w o p o s s i ' t l e r e s u l t i n g a r e a s o f d o u b t f u l p r o d u c t i o n 
w i l l c o n t a i n f ( h ; R , d ) u n i t s . v ' R e p e a t i n g t h i s p r o c e d u r e f o r k ~ 1 , 2 , . 0 . 
— . -X-
u n t i l k = n a n d e q u a t i o n ( 2 " 7 i h o l d s , t h e a s s e r t i o n N > n i s s h o w n . I t 
i s e a s i l y s e e n t h a t N i s a r a n d o m v a r i a b l e t h a t w i l l e q u a l n o r n " 4 1 . 
T h e r e f o r e , t h e a s s e r t i o n . E ( N ~ N < n 4 1 i s s h o w n . 
- o o — 
* 
I n o r d e r t o d e t e r m i n e n r e p l a c e a l l t h e b r a c k e t s d e n o t i n g t h e 
g r e a t e s t I n t e g e r f u n c t i o n i n . e q u a t i o n ( 2 7 ) h y o r d i n a r y b r a c k e t s . I f n 
I s t h e l a r g e s t p o s i t i v e i n t e g e r s u c h " h a t 
n - 1 
R ( h 4 d ) - 2 
2 > 0 , 
2 n S . 
o r 
t h e n 
a < l o g I R( n + d ) W l o g 2 
' C o n s i d e r t h e u n i t s t o b e l y i n g a l o n g t h e t i m e a x i s w i t h t i m e 
i n c r e a s i n g t o w a r d s t h e r i g h t . I f t h e r e a r e a n e v e n , n u m b e r o f u n i t s i n 
a n a r e a o f d o u b t f u l p r o d u c t i o n t h e n , b e c a u s e o f t h e e x p o n e n t i a l , f a i l u r e 
d e n s i t y f u n c t i o n , t h e u n i t t o t h e l e f t o f t h e m i d p o i n t s h o u l d b e s e l e c t e d 
t o b e s c r e e n e d n e x t . 
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-n - g { R ( h + d ) } 
l o g 2 
T h e r e f o r e 
l o g {R(h.+d)} 
l o g 2 
+ € 
where 
0 < e < 1 . 
I t i s n o t i c e d t h a t i f 
(29) 
h = — - d , f o r a n y k - 1,2,3, . . . . J> 
K 
t h e n N = k and e ~ 0„ When h i s c l o s e t o t h e p o i n t (2 / R ) - d from t h e 
l e f t , t h e n e i s c l o s e t o o n e . S t u d i e s o f t h e v a l u e s of N f o r v a r i o u s • c 
s e l e c t i o n s of R(h+d) s u g g e s t s t h a t e i s a p p r o x i m a t e l y a l i n e a r f u n c t i o n 
(*) 
of h . The l i n e a r a p p r o x i m a t i o n f o r e i s found t o b e y 
e = R(h+d)2 
l o g { R ( h + d ) ) ] 
l o g 2 (30) 
S e t t i n g e t o be a l i n e a r f u n c t i o n of h i s c o n v e n i e n t a t t h i s p o i n t 
^*^The e q u a t i o n f o r a s t r a i g h t l i n e be tween t h e p o i n t s (h = (2 n /R 
n+1/ N q = n ) , (h = ( 2 n + i / R ) - d , N q = n+1), wh 
n = 
e r e 
l o g \ R ( h + d ) 
l o g 2 
i s n - 1 + R(h+d )2~ n , from w h i c h e q u a t i o n (30) i s d e d u c e d . 
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b e c a u s e N w i l l b e a c o n t i n u o u s f u n c t i o n o f h . o Using e q u a t i o n ( 3 0 ) 
i n e q u a t i o n ( 2 9 ) , i t f o l l o w s t h a t 
dh o 
[ l o g ( R ( . h + d ) ) 
1 l o g 2 
i f h i s s u i t a b l y r e s t r i c t e d . I t i s s e e n t h a t i f 
h R 1 , 2 , . . . ( 3 1 
t h e n N q ^ d i f f e r e n t i a b l e w i t h r e s p e c t t o h and t h e above r e l a t i o n f o r 
d N ' o | d h i s v a l i d 
D e f i n e t h e f u n c t i o n p{ ) t o b e 
p ( R ( h t d ) ) = 
l o g {R(h+d)} 
l o g 2 
1 + R ( h + d ) 2 
l o g (R(h+d)} 
l og 2 o ( 3 2 ) 
The a p p r o x i m a t i o n 
N = p (R(h- td ) ) 
w i l l be used f o r t h e m i d - r a n g e s e q u e n t i a l s c r e e n i n g p l a n . 
The Two Ext reme Cases of t h e C r i t e r i o n 
I f t h e p l a n t i s o p e r a t i n g a t f u l l c a p a c i t y d u r i n g t h e y e a r , t h e n U 
The o t h e r p o s s i b i l i t i e s a r e t o s e t e t o b e a c o n s t a n t , o r t o 
d e r i v e t h e e x a c t e x p r e s s i o n f o r € . Having e c o n s t a n t makes t h e income 
e q u a t i o n d i s c o n t i n u o u s and h w i l l u s u a l l y be one of t h e p o i n t s 
( 2 / R ) - d - 8 , k - 1 , 2 , . o 0 , 
where & > 0 i s i n f i n i t e s i m a l l y s m a l l w h i c h i s i n a c c u r a t e and u n r e a l ­
i s t i c . The added a c c u r a c y o f u s i n g t h e e x a c t e x p r e s s i o n f o r e i s n o t 
w a r r a n t e d i n t h i s s t u d y . 
2 3 
w i l l b e a f u n c t i o n o f h . At t h e o t h e r e x t r e m e c o n s i d e r t h e p l a n t t o have 
c o n s i d e r a b l e e x c e s s c a p a c i t y so t h a t U i s a c o n s t a n t d i c t a t e d b y demand. 
When U i s a v a r i a b l e t h e c r i t e r i o n f o r s e l e c t i n g h i s a s s t a t e d and d e v e l -
oped i n t h e p r e c e d i n g s e c t i o n s . I f U, however , i s a c o n s t a n t , then, t h e 
c r i t e r i o n f o r f i n d i n g h may be s i m p l i f i e d f u r t h e r 0 
Development o f t h e C r i t e r i o n . - U C o n s t a n t 
I n t h i s c a s e , r e f e r r i n g t o e q u a t i o n ( 3 ) , i t i s s e e n t h a t 
T M - Max J VU - UE(v) S. - f x 
h > 0 
T h e r e f o r e , h i s d e t e r m i n e d b y t h e number G, , where ' o p M' 
G„ = Minimum E ( v ) . M h > 0 
3 3 , 
Using e q u a t i o n (1 .6) f o r E ; v ) i n e q u a t i o n ( 3 3 ) i t f o l l o w s t h a t 
h > 
CI + P / Y - s ) ! ! + SW 4- R_ + C.D 
D o C d 
+ Y 
o r 
C = — 
M R 
Min 
h > ( 
CI •- R(Y-s)H. •+• SN 
' n o C d 
( 3 5 ) 
When U i s c o n s t a n t t h e c r i t e r i o n r e d u c e s i t s e l f t o m i n i m i z i n g t h e 
t o t a l v a r i a b l e c o s t p e r n o n - d e f e c t i v e u n i t p r o d u c e d . In t h i s c a s e h 
op 
i s i n d e p e n d e n t of U, V, I L , R , D, C , and f <> The e x p r e s s i o n s f o r I 
K U Q X 
H^, and N q a r e f u n c t i o n s of h , and I and a r e d e r i v e d i n Appendix D. 
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N o m e n c l a t u r e - Cases t o be S t u d i e d 
(*) L e t 1 1 
TRI = t h e t o t a l r e l e v a n t income e q u a t i o n , 
TRC = t h e t o t a l r e l e v a n t c o s t e q u a t i o n , t h e n 
CI + R ( Y - s ) l + SN . - C 0 
TRI . L _ ! b - — s t ( 3 6 ) 
h i + d + D 
TRC. = CI + R(Y-s ) \ + SN Q . , ( 37 ) 
where i = 1 means c o n t i n u o u s s c r e e n i n g i s u sed and i s d e f i n e d by 
e q u a t i o n (23), and 
i ~ 2 means s e q u e n t i a l m i d - r a n g e s c r e e n i n g i s used and N q 2 i s 
d e f i n e d b y e q u a t i o n (32)° 
The TRI e q u a t i o n i s a p p l i c a b l e when U i s a v a r i a b l e ( s e e e q u a t i o n ( 2 0 ) ) 
and t h e TRC e q u a t i o n i s a p p l i c a b l e when U i s a c o n s t a n t ( s e e e q u a t i o n 
(55)). 
I t can b e shown t h a t on t h e a v e r a g e s e q u e n t i a l m i d - r a n g e s e a r c h 
w i l l s c r e e n l e s s u n i t s p e r p r o c e s s f a i l u r e t h a n c o n t i n u o u s s c r e e n i n g , 
if**** A h < 1 
and 
(1) d. = 0 , o r 
^ 'When c o m p l e t e s c r e e n i n g i s u s e d , o r N q — R(h+d) - 1 , i t i s 
e a s i l y s e e n t h a t t h e s o l u t i o n f o r h Q i s c o n t a i n e d i n t h e g e n e r a l , s o l u ­
t i o n f o r i = 1 . Th i s c a s e w i l l n o t oe s t u d i e d f u r t h e r . 
^ T h i s r e s u l t f o l l o w s f rom: 
( i ) e x p a n d i n g Jl̂  i n an a l t e r n a t i n g s e r i e s ( s e e ( l ) and (T7))j and 
( i i ) t h e n n o t .ing 
N Q > 5Rh / l2 + 1 , 
when c o n t i n u o u s s c r e e n i n g i s u s e d . 
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(2) d = h/2 a n d Rh > 3, o r 
(3) d - h a n d Rh > 6. 
I f a l l t h e p a r a m e t e r s a n d h a r e k ^ p t c o n s t a n t , a d e c r e a s e i n N Q 
w i l l , p r o d u c e a c o r r e s p o n d i n g i n c r e a s e i n t h e e x p e c t e d n e t i n c o m e . T h e r e ­
f o r e , i n a n y p r a c t i c a l c a s e , s e q u e n t i a l m i d - r a n g e s e a r c h s h o u l d h e u s e d 
w h e n t h e t i m e s e q u e n t i a l o r d e r o f d o u b t f u l l y a c c e p t a b l e p a s t p r o d u c t i o n 
i s d e t e r m i n a b l e c 
T h e c a s e w h e n i •*= 1 i s s t i l l o f . i n t e r e s t b e c a u s e : 
(1) T h e g e n e r a l s o l u t i o n f o r i = 1 i s t h e g e n e r a l s o l u t i o n w h e n 
c o n t i n u o u s s c r e e n i n g i s e m p l o y e d a n d t h e s c r e e n i n g a c t i v i t y d a m a g e s t h e 
p r o d u c t ( s e e A p p e n d i x E ) o r w h e n c o m p l e t e s c r e e n i n g i s u s e d , 
(2) h f o r i 3= 1 may b e u s e d t o l o c a t e h w h e n i - 2« 
v o p J o p 
T h e J E R I Eq u a t i g n s 
T h e T R I ^ . E q u a t i o n . - C o n t i n u o u s S c r e e n i n g 
S u b s t i t u t i n g t h e e x p r e s s i o n f o r N q , e q u a t i o n (23), . i n t o e q u a t i o n 
(36) r e v e a l s t h a t t h e c r i t e r i o n o f m a x i m i z i n g e x p e c t e d n e t i n c o m e r e s u l t s 
i n . l o c a t i n g t h e p o s i t i v e z e r o s o f 
d _ 
d h 
C I + R ( Y - s ) l b + S ( R { ( h + d ) -BA + l ) - CQ 
3W h i + d + D 
U s i n g e q u a t i o n (6) o f A p p e n d i x B f o r R ^ , t h e n a f t e r d i f f e r e n t i a ­
t i o n a n d s i m p l i f i c a t i o n , e q u a t i o n (38) b e c o m e s 
( C g l + a Q - B ) e + X h + a o ( l - A ) e " A h - ( a A + C g l ) A h + 
( l - A ) A h 2 - ( A a Q B + cgl - a A + 2aJ » 0 , (39) 
2 6 
( . * ) 
w h e r e x ' 
A = * Y " ^ I - > 0 , (40) 
a Q » d r D , ( 4 2 ) 
(v -Y)RA" 1 - ( C D + R p + S) 
SI A R(Y-s) K 1 
( I f ( C o i + a - B) > 0 / " t h e n i t i s s e e n t h a t e q u a t i o n ( 3 9 ) i s o-L O 
s a t i s f i e d f o r a u n i q u e h > 0.K J Th i s z e r o w i l l h e t h e h c o o r d i n a + Q 
a t t h e minimum of t h e TRI^ e q u a t i o n s i n c e 
l i m i t T R I 1 - + «» } 
h -> 0 
and 
l i m i t TRI = R(Y-s ) . 
h -»> <» 
T h e r e f o r e , h w i l l , b e t h e p o s i t i v e z e r o of e q u a t i o n ( 3 9 ) ° 
S o l u t i o n of t h e TRI^ E q u a t i o n . E q u a t i o n ( 3 9 ) was s o l v e d f o r i t s 
p o s i t i v e z e r o f o r v a r i o u s v a l u e s o f t h e p a r a m e t e r s A, B , A, CLQ, and C g i 
v ' I t has b e e n assumed t h a t s < V and i t i s now assumed t h a t s < Y, 
and 1 > A > 0 . 
{ t l f ( C o n + a - B ) < 0 t h e n i t f o l l o w s ( s e e e q u a t i o n ( 2 0 ) ) t h a t 
b l O 
T^. < 0 , s i n c e Y > s„ I n ar,y p r a c t i c a l c a s e t h e e x p e c t e d n e t income w i l l 
b e p o s i t i v e f o r h = h , t h e r e f o r e ( C m + a - B) > 0 . , o p ' v S I o ' 
^ ' T h i s f o l l o w s by f i r s t t a k i n g t h e second d e g r e e p o l y n o m i a l in. h t o 
t h e r i g h t hand s i d e o f e q u a t i o n ( 3 9 ) ° When h = 0 t h e r i g h t s i d e i s g r e a t e r 
t h a n t h e l e f t s i d e and a s h i n c r e a s e s t h e p o l y n o m i a l d e c r e a s e s and t h e ex ­
p o n e n t i a l f u n c t i o n on t h e l e f t s i d e i n c r e a s e s . T h e r e f o r e , t h e two f u n c t i o n s 
can b e e q u a l f o r o n l y one h > 0 . 
27 
and T a b l e s 1 t h r o u g h 1.1, and F i g u r e s 5 a n d 6 , i n Appendix F d i s p l a y t h e 
r e s u l t s . Only p o s i t i v e s e l e c t i o n s f o r A were u sed b e c a u s e a n e g a t i v e A, 
o r S > ( Y - s ) , would b e o f l i t t l e p r a c t i c a l i m p o r t a n c e . The v a r i a t i o n i n 
t h e p a r a m e t e r s were c h o s e n so a s t o c o v e r t h e r e g i o n of most p r a c t i c a l 
a p p l i c a t i o n s -
The p o s i t i v e z e r o o f e q u a t i o n (39) was l o c a t e d b y u s e of t h e Bur ­
r o u g h s 20 D i g i t a l Computer a t t h e R i c h E l e c t r o n i c Computer C e n t e r a t 
G e o r g i a I n s t i t u t e of T e c h n o l o g y . The r e s u l t s a r e a c c u r a t e +c a l l d e c i m a l 
p l a c e s shown in. t h e t a b l e s . 
V a r i a t i o n in. TRIj f o r Changes i n h a b o u t h Q p „ Us ing e q u a t i o n (36; 
f o r T R I 1 , l e t TRI* be r e f i n e d a s 
h i + d + D 
t h e r e f o r e 
TRt - ( 5 ) TRI1 • 
T a b l e s 1 t h r o u g h 1  in. Appendix F g i v e TRI^ f o r h n c p : Then 
TRI-^ may b e c a l c u l a t e d by m u l t i p l y i n g TRI* b y R(X-s ) m C/B and 1̂  i s 
d e t e r m i n e d bv 
E q u a t i o n (45) r e v e a l s t h a t i f T R I 1 > 0, t h e n T^ < 0. When A i s 
-X-
c l o s e t o o n e , and C < 10C.0, t h e n TRI i s u s u a l l y p o s i t i v e a n d t h e c r i -
o 1. ™~ 1. 
t e r i o n m i n i m i z e s n e t l o s s f o r t h e y e a r . 
The n a t u r e of t h e e x p e c t e d n e t income e q u a t i o n i n some n e i g h b o r h o o d 
2.8 
of b. i s o f p r a c t i c a l i m p o r t a n c e 0 For e x a m p l e , t h e v a l u e o f h may be 
t w e n t y - s i x m i n u t e s and b e c a u s e of s c h e d u l i n g d i f f i c u l t i e s i t would be 
e a s i e r f o r t h e i n s p e c t o r i f b. w e r e t h i r t y m i n u t e s » In. o r d e r t c d e c i d e ^ op J 
on d e v i a t i n g from h by f o u r m i n u t e s t h e p e n a l t y of n o + b e i n g a t m a x i ­
mum n e t income s h o u l d be known. T a b l e s 1. t h r o u g h 1 1 g i v e t h e v a l u e of 
•X-
TRI, f o r f o u r s e l e c t i o n s of hi two l e s s t h a n h , and two g r e a t e r t h a n 
1 o p ' 
h . In many c a s e s h may b e a s l a r g e a s ( 5 ) h and t h e change i n TRI, , op " x op 1 } 
from i t s v a l u e when, h - h , i s o n l y 0 « 1 p e r c e n t . I t i s t h e v a r i a t i o n 
op 
in. t h e e x p e c t e d n e t income, n o t TRI* a l o n e , wh ich i s i m p o r t a n t . I f 
B = 0 . 0 0 0 1 , 0 = 5 0 0 . 0 , a * 1 . 0 , A 0 . 0 1 , and A = 0 . 9 , t h e n ' s e e 
BL Q 
T a b l e 1 0 ) i f h v a r i e s from h t o ( 5 ) h , i t i s s e e n t h a t TRT, changes by 
op v- y o p ' 1 
o n l y 0 . 1 2 p e r c e n t . However, t h e e x p e c t e d n e t income w i l l be l e s s t h a n 
T b y t h e p o t e n t i a l l y l a r g e amount 
0 , 0 0 1 2 ) ( T R I , * ( h « h ) ) C/B = 
X 1. op 1 
when h = 5 h Q p = 5 ( 0 . 0 6 2 3 ) * 0 . 3 I I S h o u r s . 
I n g e n e r a l , i t i s c o n c l u d e d ( s e e F i g u r e 6 ) t h a t e x p e c t e d n e t income 
d e c r e a s e s r a p i d l y ( f rom i t s maximum; when, h < h , and d e c r e a s e s r e l a t i v e l y 
s l o w l y ( f rom i t s maximum) fo r h > h^ .. 
The TRlp E q u a t i o n - S e q u e n t i a l S c r e e n i n g 
S u b s t i t u t i n g t h e e x p r e s s i o n f o r N" , e q u a t i o n ( 3 2 ) , i n t o e q u a t i o n 
( 3 6 ) r e v e a l s t h a t h w i l l be d e t e r m i n e d b y t h e h c o o r d i n a t e a t t h e m i n i ­
mum of t h e TRI^ e q u a t i o n where 
2 9 
TRI, 
CI + R(Y-s )EL + S p ( R ( h + d ) } - C( 
( 4 6 
h i + d + D 
I t i s assumed t h a t H J~ 3 ( s e e e q u a t i o n ( 3 1 } ) , t h e n e q u a t i o n 
( 4 6 ) , i s d i f f e r e n t i a b l e w i t h r e s p e c t t o in A f t e r d i f f e r e n t i a t i o n and 
s i m p l i f i c a t i o n e q u a t i o n ( 4 6 ) becomes ( h 4 J ) 
a o + h P i l i i t t n . } ) 
R 
Ah 
Ah C S 2 + % 
(1-A) (R j h + d j 
AA B + A + C Q O + (1 -A) 
O C oki 
V P ( R { W } ; 
R 
where A, B , and Q q a r e d e f i n e d i n e q u a t i o n s ( 4 0 ) , ( 4 L ) , and (42 ) r e s p e c t ' i v e l y . 
and 
l o g {R(h- fu)} 
l o g 2 
( V - Y ) R A * ( C ^ D + R c ) 
'S2 R(Y-s) 
d > 0 o ( 4 8 . 
S o l u t i o n of t h e T R I 2 Equa t ion , , The T R I 2 e q u a t i o n w i l l n o t be s o l v e d 
i n t h e g e n e r a l c a s e b u t a method of o b t a i n i n g a v a l u e f o r h w i l l b e d i s ~ to to cp 
c u s s e d i n t h i s sec t ion<, 
{*) 
The d e r i v a t i v e of T R I Q w i t h r e s p e c t t o h d o e s n o t e x i s t a t t he points" ' 
(*) The g r a p h of p( ) a s a f u n c t i o n o f h i s a s e r i e s o f s t r a i g h t 
l i n e s , w i t h d e c r e a s i n g s l o p e s , j o i n e d a t t h e p o i n t s ( k , . h v ) , ( k + l , h k+1 / 
30 
.k 
h e J = < \ " k = 1 , 2 , 3 , . . (.49 
E q u a t i o n (47) may have one o r more p o s i t i v e z e r o s , o r no p o s i t i v e %ero 
b e c a u s e \ ) / (h; i ) i s d i s c o n t i n u o u s when, h e J and \ ) r (h; i ) has a n e g a t i v e jump 
a s h c r o s s e s t h e p o i n t s i n t h e s e t I t i s d i f f i c u l t t o s a y j u s t how 
many p o s i t i v e z e r o s e q u a t i o n (47) has w i t h o u t knowledge of t h e v a l u e s 
of t h e p a r a m e t e r s . The re a r e , however , a f i n i t e number o f p o s i t i v e 
-X-
z e r o s b e c a u s e \|r(0;0) < 0 and \ | r(h;i) < 0 f o r h > H , E < + « > « , 
I n any p r a c t i c a l , c a s e \Jr(h; i) > 0 f o r some h > 0, wh ich i m p l i e s 
* ( * ) 
TRI^ has a relat ive minimum f o r h > 0, because 
l i m i t TRIp - +«> 
h 0 
and 
1 limit T R I 2 t* K ( l ~ s ) 
I t i s n o t i c e d t h a t e q u a t i o n (47) i s e q u a t i o n (39) when A «= lo 
T h e r e f o r e , h i s t h e same f o r s e q u e n t i a l o r c o n t i n u o u s s c r e e n i n g when 
A = 1 ( o r S = 0). 
The f o l l o w i n g p r o c e d u r e o u t l i n e s a method t h a t may be used t o 
l o c a t e h when A 4=' 1« op T 
( * ) . or e t o t h e F i r s t move t h e two t e rms t h a t do not- c o n t a i n e 
r i g h t s i d e of e q u a t i o n (47)° When h = 0 t h e r i g h t s i d e i s g r e a t e r than, 
t h e l e f t s i d e , o r \|/(0;0) < 0. When h i n c r e a s e s i t i s n o t i c e d t h a t b o t h 
s i d e s f i r s t i n c r e a s e and t h e n d e c r e a s e and f i n a l l y become n e g a t i v e . I f 
\|r < 0 f o r a l l h > 0, t h e n h ~ -t00, and t h i s c a s e i s c o m p l e t e l y u n p r a c ­
t i c a l . I t i s assumed t h a t ( C 0 0 + (X - B) > 0 i s l a r g e enough so t h a t 
x S2 o 
t > 0 f o r some h > 0 and t h a t TRI^ i s l e s s t h a n R(Y-s ) a t a t l e a s t one 
r e l a t i v e minimum p o i n t , o t h e r w i s e h 
op 4-°°o 
3 1 
( 1 ) E n t e r t h e T a b l e s , o r r e f e r t o F i g u r e 5 , i n Append ix F w i t h 
A = 1 and c a l c u l a t e t h e optimum i n s p e c t i o n i n t e r v a l , . C a l l t h i s v a l u e h 
( 2 ) C a l c u l a t e \|/-(h, : k ) f o r k = 1 , 2 , 3 , „ . . , k» 0 » , k , where 
k ' i. » i max' 
op 
k = 
l o s ( R i i + d 
l o g 2 
+ 1 , ( 5 0 , 
and k i s s u f f i c i e n t l y l a r g e so t h a t \|f(lL ° k ) < 0 and \|/ < Q f o r 
max ^ • o Y V k max 
N * max 
a l l . h > h, ^ N o t i c e t h a t I v > h 
k max 
( 3 ) D e f i n e 
k "'op 
K = ^k k < k , \|f(lL ; k ) < 0 and \ | / ' h n , - j k ) > C max' v k - - k + 1 ' ' l l 
o r t ( \ ; k) > 0 and * { \ K - r k ) < 0 ^ , 
H h k e K , i ( h : k ) 
o J o 
( - 5 2 ) 
h, < h < lr . k k + 1 o o 
The r e f o r e , h i s t h a t h e H such + ; ha t T R I 0 t a k e s on i t s l e a s t ' op 2 
v a l u e 
P r o b a b l y t h e most e f f i c i e n t method would 1 ° t o s t a r t w i t h k = k 
and work downward t h r o u g h t h e numbers k , k - I r u n t i l \[i(h ; a - l ) < 0 
a 
I n many p r a c t i c a l , examples hQ^ < b Q ^ , b u t t h e r e i s t h e p o s s i ­
b i l i t y t h a t h > h and t h e number k. s h o u l d be u s e d . 
87 op op max 
( * * ) I t i s s e e n t h a t ( s e e e q u a t i o n ( 4 7 ) ) 
l i m i t f(h; i ) - \(r(h.; j ) , and 
h -* l i t 
l i m i t i ) •= t ( ^ ^ j - l ) 
h h" 
3 2 
f o r some p o s i t i v e i n t e g e r a < k , Then h > h , and a s i m i l a r scheme 
op .a' 
would h e used f o r k > k t o o b t a i n an. u p p e r bound on k 0 p ° T h i s p r o c e d u r e 
was used f o r t h e TRC^ e q u a t i o n ( t o b e s t u d i e d in. a f o l l o w i n g s e c t i o n ) and 
i t was found t h a t h e ( h r n , h*-) f o r t h e m a j o r i t y of c a s e s s t u d i e d . 
op v k - 1 ' k / 
The TRC E q u a t i o n s 
The TRC-̂  .Equat ion - Cont in, uo us S c r e e n i n g 
S u b s t i t u t i n g t h e e x p r e s s i o r f o r N q , e q u a t i o n ( 2 3 ) , i n t o e q u a t i o n 
( 3 7 ) r e v e a l s t h a t t h e c r i t e r i o n o f max imiz ing n e t income r e s u l t s in. l o c a ­
t i n g t h e p o s i t i v e z e r o s of 
^ j d + R ( Y - s ) l b + S(R j ( h + d ) - H b | + 1 ) | - 0 . ( 5 3 ) 
Using e q u a t i o n ( 6 ) o f Appendix I) f o r 1 ^ , t h e n a f t e r d i f f e r e n t i a ­
t i o n and s i m p l i f i c a t i o n e q u a t i o n ( 5 3 ) becomes 
( l - A ) e " A h + e A h - AXh - ( 2 + XE - A) ~ 0 , ( 5 ^ ) 
where A and B a r e d e f i n e d i n e q u a t i o n s (ko) and ( 4 l ) r e s p e c t i v e l y . 
I t i s e a s y t o s e e t h a t t h e r e i s a u n i q u e p o s i t i v e z e r o f o r e q u a t i o n 
(5^ ) i f 0 < A < 1 , a c o n d i t i o n t h a t h o l d s i n a n y p r a c t i c a l c a s e „ v T h i s 
u n i q u e p o s i t i v e r o o t w i l l b e the h c o o r d i n a t e a t t h e minimum o f TRO^ c r 
h , s i n c e 
op 
l i m i t IRC. ~ + » 9 
h. _*o 
( ) F i r s t t r a n s f e r a l l t e r m s f r e e o f e and e~" t o t h e r i g h t s i d e 
of e q u a t i o n ( 5 ^ ) . When h = 0 t h e r i g h t s i d e i s g r e a t e r t h a n t h e l e f t 
s i d e and a s h i n c r e a s e s b o t h s i d e s i n c r e a s e . The r i g h t s i d e i n c r e a s e s 
l i n e a r l y i n h , w h i c h i m p l i e s e q u a l i t y h o l d s f o r o n l y one h. > 0 . 
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and 
l i m i t TRC = t °° 
h ~t> 00 
S o l u t i o n of t h e TRCj E q u a t i o n . I f A = 0 [o r Y-s « S) t h e n the 
d i r e c t s o l u t i o n of e q u a t i o n (5^) i s 
h ~ A I n op i. + ™ 1 + 
AB "5 
E q u a t i o n (5^0 was s o l v e d f o r i t s p o s i t i v e r o o t f o r v a r i o u s v a l u e s 
of t h e p a r a m e t e r s A, B , and A and T a b l e s 12 t h r o u g h 19, and F i g u r e s T and 
8, i n Appendix G c o n t a i n t h e r e s u l t s . Only p o s i t i v e v a l u e s f o r A were 
used b e c a u s e a n e g a t i v e A, o r S > Y - s , i s of l i t t l e p r a c t i c a l i m p o r t a n c e . 
The p o s i t i v e r o o t of e q u a t i o n {^h) was c a l c u l a t e d b y use of t h e 
Bur roughs 220 D i g i t a l Computer a t t h e Rich. E l e c t r o n i c Computer C e n t e r a t 
G e o r g i a I n s t i t u t e of T e c h n o l o g y . The r e s u l t s a r e a c c u r a t e t o a l l . t h e 
d e c i m a l p l a c e s d i s p l a y e d i n t h e t a b l e s . 
V a r i a t i o n i n TRC-. f o r Changes i n h About h. 
1 " 01 
Let TRC{ be d e f i n e d 
a s 
TRC* ~ (B + A h ) l + ( l - A ) h , 
t h e n 
C * A l '35) 
T a b l e s 12 t h r o u g h 19 .in Append ix G a l s o g i v e t h e v a l u e s of TRC* 
a t h = h 0 p « Then TRC^ may b e c a l c u l a t e d from e q u a t i o n (.55) and t h e min i -
mum t o t a l v a r i a b l e c o s t , E ( v ) , i s d e t e r m i n e d by 
3 4 
E ( v ) = £ (TRC. + D-C d + R c ) t Y . 
The shape o f t h e e x p e c t e d n e t income e q u a t i o n i n some n e i g h b o r h o o d 
o f h i s o f p r a c t i c a l i m p o r t a n c e . T a b l e s 1 2 t h r o u g h 1 9 i n Appendix G 
a l s o g i v e t h e v a l u e of TRC, f o r fou r s e l e c t i o n , o f hi two l e s s t h a n h , 
1 o p ' 
and two g r e a t e r t h a n h . For e x a m p l e , i f B = 0 . 0 0 0 1 , "A » 0 . 1 and A - 0 , 9 , 
t h e n TRC changes by O . 8 3 pe r c e n t when h i n c r e a s e s from h t o ( 5 ) h 
( s e e T a b l e 1 7 ) ° I t f o l l o w s t h a t e x p e c t e d v a r i a b l e c o s t w i l l b e g r e a t e r 
t h a n t h e minimum E ( v ) b y t h e amount 
I . ° J 0 . O O 8 3 I (TRC* (h * h 
R B I " 1 v op 
( 8 O ) ( 9 . 0 V 7 ) C/R 
d o l l a r s 
'' u n i i -
when h = 5 H Q P = 5 ( 0 . 0 4 2 6 ) == 0 . 2 1 3 0 h o u r s . 
In. g e n e r a l , i t i s c o n c l u d e d ( s e e F i g u r e 8 ) t h a t e x p e c t e d v a r i a b l e 
c o s t p e r n o n - d e f e c t i v e i n c r e a s e s q u i c k l y ( f rom i t s minimum] f o r h < n Q p , 
and i n c r e a s e s r e l a t i v e l y s l o w l y ( f rom i t s minimum) f o r h > h 
1 op 
The TRCg E q u a t i o n - S e q u e n t i a l S c r e e n i n g 
S u b s t i t u t i n g t h e e x p r e s s i o n f o r N , e q u a t i o n ' 3 2 ) , .in. e q u a t i o n 
( 3 7 ) r e v e a l s t h a t h. w i l l be d e t e r m i n e d bv t h e h c o o r d i n a t e a t t h e min i -
op 
mum of t h e TRC^ e q u a t i o n , where 
TRC2 = CI + R ( Y - s ) l b + Sp (R | .h - fd | ) . [ 5 6 ) 
I f i t i s assumed t h a t h j. J ( s e e e q u a t i o n ( 3 1 ) ) , t h e n e q u a t i o n 
( 5 6 ) i s d i f f e r e n t i a b l e w i t h r e s p e c t t o h . A f t e r d i f f e r e n t i a t i o n and sim­
p l i f i c a t i o n e q u a t i o n ( 5 6 ) becomes ( h ^ J ) 




"log (R {h- td} )" 
l o g 2 
and B and A a r e d e f i n e d h y e q u a t i o n s (kl) and iko) r e s p e c t i v e l y Q 
S o l u t i o n of t h e TRC 0 Equa l ion„ The v a l u e of h w i l l be l o c a t e d 
5 _ ^ op 
by a p r o c e d u r e s i m i l a r t o t h e one o u t l i n e d f o r t h e TRI^ e q u a t i o n i n a 
p r e v i o u s s e c t i o n . 
E q u a t i o n (.57) has a t l e a s t o r e p o s i t i v e z e r o b e c a u s e i1 0; 0 ) m 
- KB and l i m i t \|/(h; i ) •••• t 0 0 <> The f i r s t p o s i t i v e - ' Q ro w i l l b e a r e l a -
h ~K» ° ° 
t i v e minimum b e c a u s e 
and 
l i m i t TRC - + 0 0 
h 
l i m i t TRC ? - + « 
h •*> 0 0 
E q u a t i o n ( 5 7 ) have o n e , t w o , o r more p o s i t i v e z e r o s b e c a u s e 
i ) has a n e g a t i v e Jump when h c r o s s e s t h e p o i n t s i n t h e s e t J o In 
a l l t h e numer i ca l , examples s t u d i e d ( s e e Appendix H) h was u n i q u e . 
I t i s n o t i c e d t h a t e q u a t i o n ( 5 7 ) i s e q u a t i o n when A ~ 1 
( o r S = O ) . Hence , b. i s t h e same f o r s e q u e n t i a l o r c o n t i n u o u s s c r e e n -^ ' ' o p 
ing when A - l . 
The f o l l o w i n g p r o c e d u r e o u t , l i n e s a method f o r d e t e r m i n i n g h when 
op 
A 4= 1 
( l ) E n t e r t h e T a b l e s , o r r e f e r t o F i g u r e 7 , i*1 Appendix G w i t h 
A ~ 1 and c a l c u l a t e t h e optimum i n s p e c t i o n i n t e r v a l . C a l l t h i s v a l u e h 
( 2 ) The same forma-; o u t l i n e d f o r t h e TRI Q e q u a t i o n , a p p l i e s h e r e 
op 
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e x c e p t now i t can be shown t h a t 
<VA<1 < ( h o , ) A = op tA=l 
T h e r e f o r e , c a l c u l a t e i{h^; k - 1 ) f o r k , k - 1 , k - 2 , . .„> k , k Q > 1 , whe re 
R 1 , 
k = 
l o g ( R ( h * + d } ) 
_ OP_ 
l o g 2 
and I v > h , and k o p ' 
o 
+ 1 , 
and i t f o l l o w s t h a t h Q e (h^. , In t h e m a j o r i t y of n u m e r i c a l c a s e s 
° P o 
s t u d i e d ( s e e Appendix H.) h e ( h r - n , b r - ) « v ^ / op 1 k - 1 ' k ' 
( 3 ) I f t h e r e i s more t h a n one p o s i t i v e z e r o f o r h e ( 0 _ . h r - ) , t h e n 
h i s t h a t p o s i t i v e z e r o where TRCL t a k e s on i t s l e a s t v a l u e , op 2 
The v a l u e of h was c a l c u l a t e d f o r v a r i o u s s e l e c t i o n s o f t h e 
op 
p a r a m e t e r s A, B , A, and R, w i t h d - 0 . T a b l e s 2 0 t h r o u g h 2 6 , and F i g u r e s 
9 and 1 0 , i n Appendix H con t a in , t h e r e s u l t s . 
The p o s i t i v e z e r o o f e q u a t i o n ( 5 7 ) w a s loca ted , by t h e B u r r o u g h s 2 2 0 
D i g i t a l Computer a t t h e R i c h E l e c t r o n i c Computer C e n t e r a t G e o r g i a I n s t i ­
t u t e of T e c h n o l o g y . The r e s u l t s a r e a c c u r a t e t o a l l t h e decimal , p l a c e s 
shown i n t h e t a b l e s . 
V a r i a t i o n , i n TRC^ f o r Changes i n h a b o u t h . Let TRC„ b e d e f i n e d a s 
2 e op 2 
TRC, = ( B + h)l + .p (R ( h + d ) ) , 
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t h e n 
TRC2 = | + d - , 
T a b l e s 2 0 t h r o u g h 2 6 i n Appendix H g i v e t h e v a l u e of TRC^ ( d = 0 ) 
a t h = h . The v a l u e of TRC„ i s o b t a i n e d from e q u a t i o n ( 5 8 ) and t h e op 2 ^, ... I 
m.in.imum t o t a l v a r i a b l e c o s t i s d e t e r m i n e d by 
E ( v ) * \ (TRC 2 + D»C d + R c ) + Y . 
T a b l e s 2 0 t h r o u g h 2 6 i n Appendix H a l s o g i v e TRC 2 f o r two s e l e c ­
t i o n s of h l e s s t h a n h , .and f o r two v a l u e s o f h g r e a t e r t h a n h . I n 
o p ' op 
g e n e r a l ( s e e F i g u r e 1.0) i t i s n o t i c e d t h a t TRC* (and hence E ( v ) ) i n c r e a s e s 
r a p i d l y f o r h < h , and w i l l i n c r e a s e r e l a t i v e l y s l o w l v f o r h > h 
o p ' J op 
E f f e c t of V a r i a t i o n in. R i s k and Cost F a c t o r s 
on t h e Optimum. .Design 
TRC^ E q u a t i o n s M i n i m i z i n g C o s t s - C o n t i n u o u s S c r e e n i n g 
A s t u d y of F i g u r e 7 i 1 1 Append ix G r e v e a l s t h a t i f A < 0 . 1 o r i f 
B < 1 . 0 t h e n t h e r e l a t i o n b e t w e e n l o g h and. l o g B i s a s t r a i g h t l i n e — ° op 
f o r f i x e d A and A. T h i s r e l a t i o n c a n b e e x p r e s s e d a s 
where 
m ~ t h e s l o p e = 0 . 5 0 0 , and 
K, A = h. when B = 1 . 0 . A,A op 
E q u a t i o n ( 5 9 ) can a l s o be deduced i n t h e f o l l o w i n g manner 
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(1) expand I i n an a l t e r n a t i n g s e r i e s and a p p r o x i m a t e I by t h e 
f i r s t two t e r m s (T* l / A h + l/2), t h e n 
(2) u s e t h i s a p p r o x i m a t i o n , and t h e c o r r e s p o n d i n g a p p r o x i m a t i o n s 
f o r and L, i n t h e TRC-̂  e q u a t i o n , d i f f e r e n t i a t e and s o l v e f o r n 0 p « 
Th i s p r o c e d u r e p r o d u c e s 
m ~ 1/2, and 
2 
A,A V AT2-A7 
Hence 
RT?:S^:P~S7 
The v a l u e of h i s w i t h i n 2 p e r c e n t o f h when AB < 0.1 
op 
(61) 
F i g u r e 7 and e q u a t i o n (6L) s u g g e s t t h e f o l l o w i n g g e n e r a l r e s u l t s 
(AB < 0.1). 
(1) h i s d i r e c t l y p r o p o r t i o n a l t o t h e s q u a r e r o o t of t h e mean 
t i m e t o a f a i l u r e ( A " 1 ) , and t h e i n s p e c t i o n c o s t ( C ) . 
(2) h i s i n v e r s e l y p r o p o r t i o n a l t o t h e s q u a r e r o o t o f t h e pro-
d u c t i o n r a t e (R) and t h e t o t a l c o s t of a d e f e c t i v e (Y - s + S ) . 
The above r e s u l t s ho ld in. most p r a c t i c a l c a s e s b e c a u s e t h e c o s t 
r a t i o B and t h e f a i l u r e r a t e A w i l l u s u a l l y b o t h b e l e s s t h a n o n e . 
v 'The a p p r o x i m a t i o n e x p r e s s e d i n equa t ion . ( 61 ) grows r a p i d l y 
wor se when Ah » 0.1. A good a p p r o x i m a t i o n f o r h ^ when AB > 0.1, o r 
1. > Ah > 0.1, i s t o u s e t h e f i r s t t h r e e t e r m s i n t h e s e r i e s e x p a n s i o n 
of I f o r t h e a p p r o x i m a t i o n o f I. When T *= l / A h + 1/2 + Ah/12, t h e n h. 
i s t h e p o s i t i v e z e r o o f a c u b i c e q u a t i o n , and a c l o s e d form s o l u t i o n 
f o r h i s o b t a i n a b l e ( s e e (1), (17), (21)). 
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TRI-^ E q u a t i o n s Maximizing; Income - C o n t i n u o u s S c r e e n i n g 
F i g u r e 5 .in. Appendix F shows t h a t t h e r e l a t i o n b e t w e e n l o g h and 
l o g B i s a s t r a i g h t l i n e f o r f i x e d A, A, C Q n , and a . T h i s r e l a t i o n i s 
BL O 
e x p r e s s e d a s 
where 
m .= 0 . 5 0 0 , and 
^ . A . C ^ T . a ~ h when B = 1 . 0 . 
' SJ. o op 
E q u a t i o n ( 6 2 ) can. a l s o be deduced t h r o u g h t h e f o l l o w i n g p r o c e d u r e 
(1 ) expand I i n an a l t e r n a t i n g s e r i e s and a p p r o x i m a t e I b y t h e 
f i r s t two t e r m s , 
(2) u s e t h e a p p r o x i m a t i o n f o r I .in t h e TRI^ e q u a t i o n , d i f f e r e n ­
t i a t e and s o l v e f o r h * 
op 
T h i s scheme g i v e s h , t h e a p p r o x i m a t i o n f o r h Q p j a s t h e p o s i t i v e z e r o of 
t h e f o l l o w i n g p o l y n o m i a l . 
a 0 h -f a n h + a = 0 , ( 6 5 ) 2 1 o 
where 
a 2 - C S 1 - I + ( 2 « A ) a Q + 2 ( 1 - A ) A " 1 , 
a - - 2B A " 1 , 
a = - 2 B(Aa + 1) A " 2 . 
0 o ' 
KO 
S u b s t i t u t i n g t h e e x p r e s s i o n s f o r Q , B , and A i n t o t h e above e q u a t i o n s 
o i . f o r a ^ , a ^ , and a Q p r o d u c e s 
b _ h 2 + b L h + b Q = 0 , (64) 
where 
b 2 = (V-Y)RA 0 0 1 - (C d D + R c ) - § + 
(Y-s + S ) ° R ° ( A " 1 + D) + S(R°d - 1) , (6.5 
b x = 2 C - A " 1 , (66 
b = 2C(Aa + 1) A " 2 . o K o 
S o l v i n g e q u a t i o n (6k) f o r h g i v e s 
C + VC~ (C + 2 ( 1 + Aa ) b Q r 
= = - * _ • (68 ) 
The v a l u e of h i s w i t h i n . 2 p e r c e n t of h i f B < 1 and n n > 1 0 0 . I f 
^ op — SI — 
B = 1 and C„, = 10 t h e n h can. d e v i a t e from b. by a s much a s 8 p e r c e n t „ ^ S I op ^ 
F i g u r e 5 and equa t i on . (68) s u g g e s t t h e f o l l o w i n g g e n e r a l c o n c l u s i o n s 
(l.) When t h e s a l e p r i c e ( V ) , t h e t o t a l c o s t of a d e f e c t i v e ( y - s + S ) , 
R, o r A i n c r e a s e t h e n h d e c r e a s e s . 
op 
( 2 ) I f t h e down t i m e c o s t (C^-D +. R^) , i n s p e c t i o n t i m e ( d ) , o r C 
i n c r e a s e t h e n h i n c r e a s e s . 
op 
v ' U s i n g t h e f i r s t t h r e e t e r m s i n t h e expans ion , of I t h e n h i s 
t h e p o s i t i v e z e r o of a f o u r t h d e g r e e e q u a t i o n . T h i s method g i v e s a 
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( 3 ) V a r i a t i o n in. V ( o r Cg-^) has a dominan t e f f e c t on t h e o p t i ­
mum i n s p e c t i o n i n t e r v a l e When V i s l a r g e , o r t h e m a r g i n f o r p r o f i t i s 
g r e a t , t h e n h ^ shou ld b e s m a l l ; when V i s small , t h e n h s h o u l d be ' o p op 
l a r g e . 
(4) The optimum i n s p e c t i o n , i n t e r v a l i s a p p r o x i m a t e l y d i r e c t l y 
p r o p o r t i o n a l t o 2C. 
( 5 ) V a r i a t i o n in. t h e t o t a l c o s t of a d e f e c t i v e has l i t t l e e f f e c t 
on h i f V i s l a r g e , b u t changes i n S^(Y-s ) c a u s e h t o v a r y by a s much 
a s 4 0 0 p e r c e n t when V (and hence CG-J.^' and A a r e s m a l l ( s e e F i g u r e l ) . 
From e q u a t i o n (68) i t i s deduced t h a t a s Y, o r S i n c r e a s e t h e n h Q ^ d e c r e a s e s 
and when t h e s a l v a g e income ( s ) i n c r e a s e s t h e n h. i n c r e a s e s . T h e r e f o r e , 
a s t h e t o t a l c o s t of a d e f e c t i v e grows l a r g e , h should, b e s m a l l . 
' o p 
(6) V a r i a t i o n i n t h e t o t a l l a g t i m e ( a - d + D) from a d e f e c ­
t i v e i n s p e c t i o n , t o t h e b e g i n n i n g o f a new t o o l c y c l e , a f f e c t s h more 
when V i s l a r g e . When d , o r D i n c r e a s e t h e n C„ n d e c r e a s e s and a i n c r e a s e s 0 3 S I o 
and t h e r e f o r e h i n c r e a s e s . op 
( 7 ) An i n c r e a s e in. R w i l l c a u s e t h e c o s t r a t i o 3 t o d e c r e a s e and 
Cl , t o i n c r e a s e , hence h. w i l l d e c r e a s e . S I 3 op 
( 8 ) The e f f e c t on h. o f changes .in i s g r e a t e s t when A and * op 
a a r e s m a l l . I t i s d i f f i c u l t t o s e e t h e r e s u l t a n t change i n h f o r o op 
v a r i a t i o n s in. A b e c a u s e A i s c o n t a i n e d i n C 0 , . An. a n a l y s i s of t h e 
o l 
r e s u l t s d i s p l a y e d i n T a b l e s 1 t h r o u g h 1 1 r e v e a l s t h a t i f A ^ i n c r e a s e s 
t h e n h a l s o i n c r e a s e s . op 
( 9 ) I f TRI^ > 0 , wh ich i m p l i e s t h a t t h e maximum n e t income i s 
n e g a t i v e , t h e n i n c r e a s e s i n a c a u s e d e c r e a s e s i n h D 3 o op 
4 3 
T a b l e s 1 t h r o u g h 1.1 s u g g e s t t h e f o l l o w i n g r e s u l t s , w i t h r e s p e c t t o 
maximum income, T^„ 
•1. . 
(1) When V, R, o r A ' i n c r e a s e t h e n T^ i n c r e a s e s . 
(2) I f ( C D + F y J , C, d , o r (Y-s + S) d e c r e a s e t h e n T i n c r e a s e s * 
TRC^ .Equation? M i n i m i z i n g C o s t s - S e q u e n t i a l S c r e e n i n g 
F i g u r e 9 i*1 Appendix H shows t h a t i f AB < 1 t h e n t h e r e l a t i o n 
be tween l o g h and l o g B i s a s t r a i g h t l i n e . T h e r e f o r e 
.m 
h o p K A , A , R , d E ' (69) 
where 
m = 0.500, and 
K. \ , A , R , d h when. B ~ I . O . op 
I = 
E q u a t i o n (69) i s e a s i l y deduced h y u s i n g t h e a p p r o x i m a t i o n 
l /Ah + l / 2 , and i t can be shown t h a 4 : 
op A A 2 
i B / / ( 2 1 " + 1 - A' 70) 
where 
i f h ^ J , and t h e s e t J i s d e f i n e d b y e q u a t i o n 
Hence 
i l ) . 
(Tl) 
See e i t h e r o f t h e two p r e v i o u s s e c t i o n s . 
1 
h = A" "4?1 C / | R (Y - S ) 2 1 " 1 + R s } 2 (72) 
The v a l u e o f h i s w i t h i n 2 p e r c e n t of h i f B<1, or j . B=l. and A<0.1 
op 3 
When B = 100, then, h can d e v i a t e from h b y a s much a s 2.50 p e r c e n t when 
(*) 
A = 1.0V . I t i s n o t i c e d t h a t a s o l u t i o n , t o e q u a t i o n (72) would, b e by 
t r i a l and e r r o r . To c a l c u l a t e h one would f i r s t t e s t t h e p o i n t s 
\ - (2 / R ) - d , k - 1,2, . . . 
and t h e n s e a r c h f o r h i n t h e p r o p e r i n t e r v a l ( n ^ ^ ^ + ] _ ) ^ u n t i l e q u a t i o n 
(72) i s s a t i s f i e d . 
F i g u r e 9 and e q u a t i o n (72) s u g g e s t t h e f o l l o w i n g c o n c l u s i o n s 
(A-B < 1). 
(1) h i s d i r e c t l y p r o p o r t i o n a l t o t h e s q u a r e root; of C and A 
(2) h i s i n v e r s e l y p r o p o r t i o n a l t o t h e s q u a r e root; of R and, 
(Y - s + S).K J 
Comparisons C o n t i n u o u s and S e q u e n t i a l S c r e e n i n g - U F ixed 
Let h = In, when c o n t i n u o u s s c r e e n i n g i s used and h h_ when op C & op S 
s e q u e n t i a l s e a r c h i s employed . I t can be shown t h a t 
< V A = I > ^SW > ^ C ' K I • 
When A = 1, t h e n h = h b e c a u s e i f A - 1 t h e n t h e u n i t s c r e e n i n g 
o C 
c o s t i s z e r o . (*) 
^ 'The a p p r o x i m a t i o n f o r h can b e made b e t t e r b y u s i n g more 
t e r m s t o a p p r o x i m a t e T . See t h e d i s c u s s i o n i n e i t h e r of t h e two p r e v i o u s 
s e c t i o n s . 
^ T h i s i s n o t s t r i c t l y c o r r e c t f o r R b e c a u s e 1 i s a f u n c t i o n o f R, 
2 4 - 6 6 I + 6 8 2. A- 6 a 2 4 
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Optimum - I n s p e c t i o n I n t e r v a l ( h o u r s ) 
F i g u r e ' 2 . R e l a t i o n Between I n s p e c t i o n I n t e r v a l f o r Maximum. Income and 
I n s p e c t i o n I n t e r v a l f o r Minimum Cost - Con t inuous 
S c r e e n i n g and Cost R a t i o s A and B C o n s t a n t . 
VJl 
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Let A ~ h c - h n o 
F i g u r e s 1, 2, and 3 a n d T a b l e s 12 t h r o u g h 26 s u g g e s t t h e f o l l o w ­
i n g r e s u l t s . 
(1) A i s l a r g e s t when C, o r X i s s m a l l , o r (Y- s ) and S a r e 
l a r g e . 
(2) V a r i a t i o n i n t h e r a t i o s / (Y-s ) e f f e c t s h n more t h a n h Q . 
(3) A/ĥ  i s c l o s e t o 3  p e r c e n t when A = 0.25, A - 0.01, and 
B < l j A/h i s u s u a l l y 20 p e r c e n t when A < 0.5 and > 0.01; A/h i s 
a p p r o x i m a t e l y 2 p e r c e n t when A = 0.Q, i . e . when S i s c l o s e t o z e r o . 
(4) V a r i a t i o n i n t h e c o s t r a t i o B e f f e c t s h~ and h 0 i n t h e same K ' C S 
manne r . 
I t can a l s o be shown t h a t 
E ( v ) c > E ( v ) g 
b e c a u s e 
TRC 1 > TRC 2 , 
o r 
(TRC* - TRC*) + (1-A) (i + ̂  ) > 0. (73) 
The v a l i d i t y o f e q u a t i o n (73) comes from t h e v a l u e s o f TRC-̂  and TRC 2 i n 
t h e T a b l e s i n Appendix G and H. 
The " s a v i n g , " S ~ E ( v ) - E ( v ) , o b t a i n e d by c h a n g i n g from con-v 0 fc> 
t i n u o u s t o s e q u e n t i a l s c r e e n i n g i s 
S = I 4 ( (TRC? - TRC?) + (1-A) d + h \ . (74 
F i g u r e 3 . R e l a t i o n Between I n s p e c t i o n I n t e r v a l f o r Maximum Income and. I n s p e c t i o n 
I n t e r v a l f o r Minimum Cost - C o n t i n u o u s S c r e e n i n g and Cost 
R a t i o A and F a i l u r e Ra t e A C o n s t a n t . 
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The f o l l o w i n g r e s u l t s can b e g l e a n e d from a s t u d y of t h e T a b l e s 
in Appendix G and Ho 
S/(Y-
(1 ) S^ i n c r e a s e s when t h e u n i t s c r e e n i n g c o s t , o r t h e r a t i o 
s ) i n c r e a s e s . 
(2) S i n c r e a s e s i f A d e c r e a s e s . 
Compar i son; Maximiz ing Income and M i n i m i z i n g Cost - C o n t i n u o u s 
S c r e e n i n g 
Let h = h when t h e c r i t e r i o n i s t o maximize income, and h^ = v op 3 f 
h when t h e c r i t e r i o n i s t o m i n i m i z e c o s t s , and A « h„ - h . op 3 f v 
F i g u r e s 1, 2, and 3 and Tables 1 through 19 reveal t h e following 
n+ (*) 
r e s u l t s . ' 
(1.) A i s u s u a l l y p o s i t i v e . 
(2) A i n c r e a s e s when d , (C^I) + ^rp' ° r ^ d e c r e a s e . 
( 3 ) The s a l e p r i c e has t h e g r e a t e s t e f f e c t on A. When V ( o r C ) 
b l 
i n c r e a s e s t h e n A i n c r e a s e s . 
(4 ) A i s r e l a t i v e l y u n a f f e c t e d by v a r i a t i o n in. C, ( Y - s ) , and S. 
( 5 ) I f R i n c r e a s e s , t h e n G -̂, and A i n c r e a s e . K ' 3 SI 
C o n c l u s i o n s 
The optimum i n s p e c t i o n i n t e r v a l i s d e t e r m i n e d b y t h e p r o d u c t i o n 
r a t e ( R ) , i n s p e c t i o n c o s t ( C ) , mean t i m e t o a f a i l u r e (A , and t h e 
t o t a l c o s t of a d e f e c t i v e (Y - s t S) when t h e c r i t e r i o n i s t o min imize 
c o s t s . I f t h e c r i t e r i o n i s t o maximize n e t income, h i s d e t e r m i n e d b y 
3 op 
t h e above v a r i a b l e s and b y t h e s a l e p r i c e ( V ) , downtime c o s t s ( C ^ D + R^), 
and i n s p e c t i o n t i m e ( d ) . 
(*) 
K ' R e c a l l t h a t h„ i s f i x e d f o r a l l changes i n a o r C . 
I O o l 
k9 
The optimum i n s p e c t i o n i n t e r v a l d e c r e a s e s when ;Y - s t S ) , R, 
(*) 
or A i n c r e a s e , o r when C d e c r e a s e s . 
When t h e c r i t e r i o n i s t o maximize n e t income, 4 h i s l a r g e l y 
a f u n c t i o n of V. I f V i n c r e a s e s t h e n h d e c r e a s e s so t h a t more non-op 
d e f e c t i v e s a r e p roduced t o be s o l d a t t h e h i g h e r s a l e p r i c e . , The amount 
h d e c r e a s e s , from t h e v a l u e o f h when t h e t o t a l number of u n i t s t o 
op ' op 
be p roduced f o r t h e y e a r i s f i x e d , i n c r e a s e s a s t h e number o f n o n - d e f e c ­
t i v e s p r o d u c e d p e r t o o l c y c l e ( R / A ) , o r V i n c r e a s e , . I n most p r a c t i c a l 
c a s e s (C„ n > 1.00) t h e v a l u e of h , when n e t income i s max imized , w i l l v S i - o p ' ' 
be l e s s t h a n t h e v a l u e of h when c o s t s a r e min imized . 
o p 
When t h e c r i t e r i o n i s t o m i n i m i z e c o s t s , t h e e x p e c t e d v a r i a b l e 
c o s t ( E ( v ) ) i s l e s s when s e q u e n t i a l s e a r c h i s used i f t h e s c r e e n i n g 
a c t i v i t y does n o t damage t h e p r o d u c t . The r e d u c t i o n i n E ( v ) , when s e q u e n 
t i a l s e a r c h i s used in. p l a c e o f c o n t i n u o u s s c r e e n i n g i n c r e a s e s when t h e 
u n i t s c r e e n i n g c o s t ( S ) , > o r Rh i n c r e a s e . The v a l u e o f h , when 
A Op 
s e q u e n t i a l , search , i s employed , i s l a r g e r t h a n t h e v a l u e o f h f o r 
c o n t i n u o u s s c r e e n i n g . 
The Model f a i l s when i t i s assumed t h a t U i s f i x e d f o r t h e y e a r 
and B > > 1 . 0 . When B grows v e r y l a r g e , s w i l l b e c l o s e t o Y, and h 
w i l l be l a r g e . I f s i s c l o s e t o t h e v a r i a b l e c o s t p e r u n i t {¥) t h e n i t 
becomes l e s s c o s t l y t o p r o d u c e d e f e c t i v e s . When t h i s happens h w i l l 
become l a r g e , more d e f e c t i v e s w i l l b e p r o d u c e d , and t h e a s s u m p t i o n t h a t 
Not a l l of t h e r e s u l t s s t a t e d h e r e n e c e s s a r i l y a p p l y t o t h e 
c a s e when s e q u e n t i a l s e a r c h i s used and t h e c r i t e r i o n i s t o maximize 
i ncome , b e c a u s e t h i s c a s e was n o t e v a l u a t e d n u m e r i c a l l y . 
50 
t h e t o t a l n o n - d e f e c t i v e s (U) made f o r t h e y e a r i s c o n s t a n t becomes 
i n v a l i d . T h e r e f o r e , i f s i s c l o s e t o Y, U s h o u l d b e a v a r i a b l e and t h e 
c r i t e r i o n of max imiz ing n e t income s h o u l d b e u s e d . I t i s n o t i c e d t h a t 
a s s grows l a r g e , t h e n ( Y - s ) becomes s m a l l and t h e c o s t r a t i o A i s n e g a ­
t i v e . The model i s v a l i d f o r A < 0 , b u t t h i s c a s e was n o t i n v e s t i g a t e d . 
51 
CHAPTER I I I 
MODEL I I 
I n t r o d u c t i o n 
I n t h i s c h a p t e r Model I i s e x t e n d e d t o i n c l u d e w e a r o u t f a i l u r e . 
When w e a r o u t i s p r e s e n t t h e c o n d i t i o n a l p r o b a b i l i t y of t h e p r o c e s s s u r ­
v i v i n g ( n o t f a i l i n g ) t o t h e t i m e x + t ( t > 0), i f t h e p r o c e s s has n o t 
f a i l e d p r i o r t o t h e t i m e x , d e c r e a s e s w i t h t h e i n c r e a s i n g a g e , x , of 
t h e machine t o o l . For t h i s r e a s o n i t i s e c o n o m i c a l t o i n t r o d u c e p r e v e n -
t i v e ma i n t enanc e . 
In Model I I t h e p r o c e s s w i l l be c o n t r o l l e d b y a n i n t e g r a t e d 
q u a l i t y c o n t r o l and p r e v e n t i v e m a i n t e n a n c e p l a n . I t i s assumed t h a t 
t h e p r o d u c t f r a c t i o n d e f e c t i v e c h a n g e s , a s a r e s u l t o f a f a i l u r e , from 
z e r o p e r c e n t t o one hundred p e r c e n t d u r i n g an. i n f i n i t e s i m a l p e r i o d of 
t i m e . The c r i t e r i o n d e v e l o p e d in. Model I i s a p p l i e d b u t no s o l u t i o n s a r e 
g i v e n . Only t h e c a s e , whe re t h e i n s p e c t i o n and s c r e e n i n g a c t i v i t i e s do 
n o t damage t h e p r o d u c t i n a n y way , w i l l be s t u d i e d . 
I n f a n t m o r t a l i t y w i l l n o t b e c o n s i d e r e d i n t h i s m o d e l . Lloyd and 
Lipow, i n (18) and Bazovsky , i n (30), d i s c u s s how t h i s p r o b l e m may be 
i n c o r p o r a t e d i n t o a f a i l u r e m o d e l . 
^ Tf one w i s h e s t o s t u d y t h e c a s e when s c r e e n i n g damages t h e 
p r o d u c t , a s i m i l a r a n a l y s i s a s t h a t of Append ix E f o r Model I s h o u l d be 
c o n d u c t e d f o r t h i s m o d e l . 
5 2 
Example s v 
(1 ) The m i s s i l e example of Model I may a l s o f a i l a s a r e s u l t of 
w e a r o u t . When a m i s s i l e i s s t a n d i n g i n i t s s i l o r e a d y t o h e f i r e d t h e r e 
a r e a number of components i n o p e r a t i o n , f o r example t h e g y r o s c o p e , and 
w e a r o u t a n a l y s i s i s a p p l i c a b l e . 
( 2 ) The a u t o m a t i c c u t t i n g t o o l o r punch p r e s s example o f Model I 
may a l s o f a i l a s a r e s u l t o f w e a r o u t . The c u t t i n g t o o l may become w o r n , 
o r t h e punch p r e s s d i e may c r a c k from m e t a l f a t i g u e . When w e a r o u t i s 
s i g n i f i c a n t t h i s model s h o u l d b e u s e d . 
The P rob l em 
A g e n e r a l t y p e of p r o c e s s i s i n v e s t i g a t e d i n wh ich t h e p r o d u c t i o n 
r a t e i s a c o n s t a n t R d i s c r e t e u n i t s p e r p r o c e s s r u n n i n g h o u r . When a 
f a i l u r e .occurs p r o d u c t i o n i m m e d i a t e l y s h i f t s from z e r o p e r c e n t d e f e c t i v e 
t o one hundred p e r c e n t d e f e c t i v e and t h e p r o c e s s w i l l c o n t i n u o u s l y p r o ­
duce d e f e c t i v e s u n t i l t h e f a i l u r e i s d i s c o v e r e d and t h e machine t o o l , i s 
f i x e d . 
The p r o c e s s may f a i l a s a r e s u l t o f chance o r w e a r o u t c a u s e s . 
Let t h e r e b e n mach ine components whose f a i l u r e r e s u l t s i n d e f e c t i v e p r o ­
d u c t i o n . I t i s assumed t h a t t h e v a r i o u s c a u s e s of mach ine f a i l u r e o c c u r 
i n d e p e n d e n t l y and component f a i l u r e s a r e m u t u a l l y i n d e p e n d e n t . The a r r i ­
v a l s o f p r o c e s s f a i l u r e , a s a r e s u l t of c h a n c e c a u s e s , a r e c o n s i d e r e d t o 
be a t a n a v e r a g e r a t e of A o c c u r r e n c e s p e r f a i l u r e f r e e p r o c e s s r u n n i n g 
^ ' A s y s t e m w i t h w e a r o u t components w i l l p r o g r e s s t o a s t a t e where 
a l l f a i l u r e s o c c u r r andomly i n t i m e when t h e r e i s no p r e v e n t i v e m a i n t e n ­
a n c e ( s e e ( 3 0 ) ) » Model I a p p l i e s h e r e i f one w a i t s f o r t h e s y s t e m t o 
g e t " o l d . " 
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h o u r . The a r r i v a l s of p r o c e s s w e a r o u t f a i l u r e a r e a t an a v e r a g e r a t e of 
?\ o c c u r r e n c e s p e r f a i l u r e f r e e p r o c e s s r u n n i n g h o u r . 
The q u a l i t y c o n t r o l p r o c e d u r e i s t o i n s p e c t t h e p r o c e s s e v e r y h 
p r o c e s s r u n n i n g h o u r s and i f t h e o b s e r v e d p i e c e i s n o n - d e f e c t i v e l e t t h e 
p r o c e s s c o n t i n u e o p e r a t i n g . When t h e p i e c e i s d e f e c t i v e p r o d u c t i o n i s 
i m m e d i a t e l y s t o p p e d , p a s t p r o d u c t i o n i s s c r e e n e d f o r d e f e c t i v e s and t h e 
machine t o o l i s r e t u r n e d t o i t s n o n - f a i l e d s t a t e . 
Let t = t h e p r o c e s s r u n n i n g h o u r s measured from t h e b e g i n n i n g of 
t h e t o o l c y c l e . The p r e v e n t i v e m a i n t e n a n c e p l a n i s t o a u t o m a t i c a l l y s t o p 
p r o d u c t i o n and change a l l w e a r o u t components when t = R . A new machine 
component may b e a r e c o n d i t i o n e d t o o l ( f o r example a r e s h a r p e n e d c u t t i n g 
t o o l ) o r a p r e v i o u s l y unused t o o l . A r e c o n d i t i o n e d t o o l i s assumed t o 
be a s t a t i s t i c a l l y new t o o l . 
A new v a r i a b l e K i s now d e f i n e d so t h a t Kh = R . I n t h e o r y , K 
o J 3 
c o u l d m e r e l y be r e s t r i c t e d t o be n o t l e s s t h a n o n e ; howeve r , o u r a t t e n t i o n 
w i l l b e r e s t r i c t e d t o p o s i t i v e i n t e g e r v a l u e s of K o n l y . ' ' 
The p r o b l e m i s t o f i r s t s e l e c t a m a i n t e n a n c e p l a n and a p r o c e s s 
f a i l u r e d e n s i t y f u n c t i o n , and t h e n a p p l y t h e c r i t e r i o n d e f i n e d b y e q u a t i o n 
( 2 ) o f C h a p t e r I I , t o o b t a i n t h e optimum o p e r a t i n g c o n d i t i o n s . 
F u r t h e r R e s t r i c t i o n s 
Let t h e r e b e n^ components t h a t f a i l a s a r e s u l t of c h a n c e c a u s e s 
and n components f a i l a s a r e s u l t of w e a r o u t . P i e r u s c h k a , i n ( 1 3 ) , 
__ 
I f K i s c o n t i n u o u s t h e n t h e e v e n t s t h a t d i v i d e t h e c r i t e r i o n 
f u n c t i o n i n t o f o u r p a r t s , e q u a t i o n ( 5 ) ^ need t o b e r e d e f i n e d and t h e 
e x p r e s s i o n f o r E ( l | £ ) , E ( L | i ) , E ( H b | i ) , a n d E ( N Q | I) w i l l a l l 
change ( s e e Append ix K ) . The a d d i t i o n a l c o m p l e x i t y o f t h e c r i t e r i o n 
f u n c t i o n u s u a l l y d o e s n o t j u s t i f y a c o n t i n u o u s K. 
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shows t h a t t h e d i s t r i b u t i o n of t i m e be tween f a i l u r e s f o r an a s s e m b l y of 
chance f a i l u r e components i s t h e n e g a t i v e e x p o n e n t i a l d i s t r i b u t i o n 
w i t h mean e q u a l t o t h e sum of t h e means of e a c h component t i m e t o f a i l -
u r e d i s t r i b u t i o n . ; 
The d i s t r i b u t i o n of t h e w a i t i n g t i m e t o t h e f i r s t p r o c e s s w e a r o u t 
f a i l u r e i s assumed t o b e T ( t ) . I t i s s e e n t h a t t h e d i s t r i b u t i o n , of t h e 
t i m e be tween t h e s and ( s -f- l ) t h p r o c e s s w e a r o u t f a i l u r e i s a l s o F ( t ) 
o n l y i f a l l w e a r o u t components a r e changed t o g e t h e r so t h a t t h e p r o c e s s 
i s r e s t o r e d t o z e r o a g e a f t e r a n y w e a r o u t f a i l u r e . 
The m a i n t e n a n c e p r o c e d u r e t o b e used i n Model I I i s ? 
(1 ) when a componen t , w h i c h f a i l s o n l y a s a r e s u l t of chance 
c a u s e s , f a i l s p r i o r t o t h e t i m e (K - l ) h , r e p a i r t h i s component and 
r e s t o r e t h e p r o c e s s t o p r o d u c t i o n , 
(2 ) i f a component , w h i c h f a i l s o n l y a s a r e s u l t o f c h a n c e 
c a u s e s , f a i l s i n t h e Kth i n s p e c t i o n i n t e r v a l , r e p a i r t h i s component and 
change a l l w e a r o u t c o m p o n e n t s , 
( 3 ) i f a w e a r o u t component f a i l s a t a n y t i m e , change a l l w e a r o u t 
c o m p o n e n t s , 
(4) i f t h e p r o c e s s does n o t f a i l b e f o r e t h e t i m e ( K - l ) h , s t o p 
t h e p r o c e s s a t R q = Kh and change a l l w e a r o u t c o m p o n e n t s . 
P r e v e n t i v e m a i n t e n a n c e o n l y a p p l i e s t o components s u b j e c t t o w e a r -
T h i s i s a l s o s t u d i e d and d e v e l o p e d i n Appendix A. 
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ou t b e c a u s e t h e f a i l u r e r a t e of c h a n c e f a i l u r e components i s c o n s t a n t 
r e g a r d l e s s of t h e i r a g e . 
Th i s m a i n t e n a n c e p l a n i s a p p l i c a b l e t o s y s t e m s t h a t r e q u i r e a 
h i g h d e g r e e of r e l i a b i l i t y andy/or when i t i s e c o n o m i c a l t o c o m p l e t e l y 
o v e r h a u l t h e p r o c e s s wheneve r i t f a i l s from w e a r o u t . 
A n o t h e r m a i n t e n a n c e p l a n would b e t o change a l l w e a r o u t compo­
n e n t s o n l y a t t h e p r e v e n t i v e m a i n t e n a n c e shu tdown . The r e a d e r i s 
r e f e r r e d t o ( 1 3 ) f o r t h e g e n e r a l p r o c e s s f a i l u r e d i s t r i b u t i o n fo rmu la s 
f o r t h i s c a s e . 
O b v i o u s l y , t h e r e a r e an i n f i n i t e number o f p o s s i b l e m a i n t e n a n c e 
p l a n s . The q u e s t i o n of what m a i n t e n a n c e scheme i s b e s t , o r opt imum, 
w i l l n o t b e s t u d i e d h e r e . 
P r o c e s s F a i l u r e D e n s i t y F u n c t i o n 
The f a i l u r e d e n s i t y f u n c t i o n f o r a p r o c e s s t h a t f a i l s a s a r e s u l t , 
of c h a n c e c a u s e s i s assumed t o b e t h e e x p o n e n t i a l d e n s i t y f u n c t i o n , d e f i n e d 
b y e q u a t i o n ( l ) of C h a p t e r I I . A s u r v e y of t h e l i t e r a t u r e on w e a r o u t 
models shows t h a t t h e r e a r e . o n l y f o u r models of g e n e r a l i m p o r t a n c e . Each 
w e a r o u t model i s d i s c u s s e d i n Appendix I . The gamma d i s t r i b u t i o n i s 
s e l e c t e d t o d e s c r i b e t h e phenomena o f w e a r o u t f o r Model I I b e c a u s e o f a 
d e r i v a t i o n of a w e a r o u t model p r e s e n t e d b y Lloyd and Lipow ( 1 8 ) . A con­
d e n s a t i o n of t h i s a rgumen t i s i n Append ix I . The " a d d i t i o n , " b y e q u a t i o n 
( 3 ) o f Appendix A, o f t h e gamma and e x p o n e n t i a l d e n s i t i e s g i v e s t h e p r o -
c e s s f a i l u r e d e n s i t y f u n c t i o n f o r c h a n c e and w e a r o u t f a i l u r e s . The method 
r*A— ——7~~ ——~——————— 
T h i s a d d i t i o n g i v e s t h e d i s t r i b u t i o n of t h e w a i t i n g t i m e t o t h e 
f i r s t p r o c e s s f a i l u r e . T h i s d i s t r i b u t i o n i s p r e s e r v e d f o r t h e w a i t i n g 
t i m e b e t w e e n a n y p r o c e s s f a i l u r e b e c a u s e . 
( i ) a l l w e a r o u t components a r e changed t o g e t h e r , and 
( i i ) c h a n c e f a i l u r e s a r e i n d e p e n d e n t o f t h e t i m e s i n c e t h e l a s t 
p r o c e s s f a i l u r e . 
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of e s t i m a t i n g t h e p a r a m e t e r s of t h i s d e n s i t y f u n c t i o n i s d i s c u s s e d i n 
Appendix J . 
Let 7 ( t ) he t h e gamma d e n s i t y f u n c t i o n , t h e n 
7 ( t ) -= 
N N-1 - u t 
u t e K 
r(N) 
0 
t > 0 
t < 0 
(1 ) 
w i t h u > 0 and N > 0 . 
I f g ( t ) i s t h e p r o c e s s f a i l u r e d e n s i t y f u n c t i o n , then, ( s e e Appendix 
8 ( t ) = 
-At \ , -> -At e 7 ( t ) t Ae < f / (X)dX ^ , t > 0 
t < 0 
(2 
I f G ( t ) i s t h e p r o c e s s f a i l u r e d i s t r i b u t i o n f u n c t i o n , t h e n 
G ( t ) = P g (X) dX = I ' - e"At|y^ d X| • ( 3 ) 
T e r m i n o l o g y 
In a d d i t i o n t o a l l t h e t e r m s d e f i n e d i n C h a p t e r I I f o r Model I t h e 
f o l l o w i n g t e r m s a r e i n t r o d u c e d f o r Model I I . 
Let R q = t h e maximum p r o c e s s r u n n i n g h o u r s , w i t h o u t a w e a r o u t 
f a i l u r e , u n t i l a n a u t o m a t i c p r e v e n t i v e m a i n t e n a n c e 
shu tdown, 
K - RqI^1* a n d ̂  i s assumed t o b e an i n t e g e r , 
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i 
y{t) - t h e w e a r o u t f a i l u r e d e n s i t y f u n c t i o n , d e f i n e d b y e q u a t i o n 
g ( t ) « t h e p r o c e s s f a i l u r e d e n s i t y f u n c t i o n , d e f i n e d by e q u a t i o n 
( 2 ) , 
f t 
G ( t ) - / g (X)dX, and i s d e f i n e d b y e q u a t i o n ( 3 ) , 
' o 
A^ = t h e mean number o f p r o c e s s f a i l u r e s , a s a r e s u l t o f w e a r o u t , 
p e r f a i l u r e f r e e p r o c e s s r u n n i n g h o u r , 
N 1 
— = j— ~ t h e mean f a i l u r e f r e e p r o c e s s r u n n i n g h o u r s t o a w e a r -
^ w 
ou t f a i l u r e (N i s assumed t o b e an i n t e g e r and t h i s number 
i s t h e mean of 7 ( f ) ) , 
A = t h e mean number of p r o c e s s f a i l u r e s , a s a r e s u l t o f chance 
c a u s e s , p e r f a i l u r e f r e e p r o c e s s r u n n i n g h o u r , 
n^ = t h e number o f p r o c e s s components t h a t f a i l o n l y a s a r e s u l t 
of c h a n c e c a u s e s , 
n = t h e number of p r o c e s s components t h a t f a i l o n l y a s a 
r e s u l t of w e a r o u t , 
n_j_ = t h e number o f p r o c e s s components whose f a i l u r e r e s u l t s i n 
d e f e c t i v e p r o d u c t i o n , and n^ = n -t n , 
' t r w ' 
A. = t h e mean number of chance f a i l u r e s p e r f a i l u r e f r e e p r o c e s s 
runnin.g hour f o r t h e i t h ( c h a n c e f a i l u r e ) component.; 
i = 1 , 2 , oooc, n ^ , and n o t e A 
n r 
i=l. 
s_̂  = t h e s a l v a g e income o b t a i n e d from a d e f e c t i v e p roduced because 
t h e i t h c h a n c e f a i l u r e component f a i l e d ; i - 1,2,<,<>«,,n^, 
s - t h e s a l v a g e income o b t a i n e d from a d e f e c t i v e p roduced b e ­
c a u s e o f a w e a r o u t f a i l u r e , 
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= downtime f o r r e t o o l i n g t h e i t h chance f a i l u r e component , 
= downtime f o r c h a n g i n g a l l w e a r o u t c o m p o n e n t s , 
R = r e t o o l i n g c o s t f o r t h e i t h chance f a i l u r e componen t , 
i 
R c - r e t o o l i n g c o s t when a l l w e a r o u t components a r e c h a n g e d , 
w 
= u n i t s c r e e n i n g c o s t , when t h e i t h c h a n c e f a i l u r e component 
f a i l e d , 
S^ = u n i t s c r e e n i n g c o s t , when a w e a r o u t f a i l u r e o c c u r r e d , and 
P(E) = means t h e p r o b a b i l i t y of e v e n t E . 
For t h i s model " t o o l c y c l e " means t h e p r o c e s s r u n n i n g h o u r s t o 
when a f a i l u r e i s d i s c o v e r e d o r t o Kh, w h i c h e v e r o c c u r s f i r s t , p l u s t h e 
downtime f o r o v e r h a u l o r r e t o o l i n g . 
A l l t h e symbols used i n t h i s c h a p t e r a r e p r e s e n t e d i n t h e L i s t of 
Symbols i n Appendix L f o r e a s y r e f e r e n c e . 
Development o f t h e C r i t e r i o n F u n c t i o n 
The c r i t e r i o n t o b e used f o r s e l e c t i n g t h e i n s p e c t i o n i n t e r v a l h 
and t h e t i m e t o an a u t o m a t i c p r e v e n t i v e m a i n t e n a n c e shutdown Kh., w i l l b e 
t h e same c r i t e r i o n used i n Model I . D e f i n e t h e number T^ t o be 
T., = Maximum M 
h > 0 
K = l , 2 , . . 
E n e t income ""year 
Assuming s u c h a number T,, e x i s t s , l e t h b e t h a t v a l u e of h > 0 , & M 3 op — 3 
and K b e t h e K = 1 , 2 , . . . . , t h a t p r o d u c e t h e number T . E q u a t i o n (k) op 3 3 3 M 
w i l l be t h e c r i t e r i o n used t o d e t e r m i n e a v a l u e f o r h and K. 
The n e t income e x p r e s s i o n w i l l b e d i v i d e d i n t o f o u r s e c t i o n s so^ 
t h a t t h e p o l i c y of h a v i n g a s e p a r a t e m a i n t e n a n c e p l a n f o r w e a r o u t and 
chance f a i l u r e components may b e more r e a d i l y e x p r e s s e d i n t e r m s o f t h e 
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» » P A T H C? -I RL OI« ' v a r i a b l e s h and K.v ' Consider^ 
E < n e t income y e a r "TJ - Y: nmajt), (5) 
where 
i = 1 i s t h e e v e n t t h a t t h e p r o c e s s f a i l e d p r i o r t o ( K - l ) h and t h e 
f a i l u r e was t h e r e s u l t of c h a n c e c a u s e s , 
£ = 2 i s t h e e v e n t t h a t t h e p r o c e s s f a i l e d i n t h e Kth i n s p e c t i o n 
i n t e r v a l and t h e f a i l u r e was t h e r e s u l t o f chan.ce c a u s e s , 
i = 3 i s t h e e v e n t t h a t t h e p r o c e s s f a i l e d p r i o r t o Kh and t h e f a i l ­
u r e was t h e r e s u l t of w e a r o u t , and 
£ - k i s t h e e v e n t t h a t t h e p r o c e s s d i d n o t f a i l b y t h e t i m e Kh. 
When £ - 1 o n l y t h e f a i l e d component i s c h a n g e d . I f £ - 2 t h e 
f a i l e d component i s changed and a l l w e a r o u t components a r e a l s o c h a n g e d . 
A l l t h e w e a r o u t components a r e changed f o r £ - 3 and £ k. 
The f o l l o w i n g a s s u m p t i o n s a r e made; 
(1 ) t h e p r o c e s s i s s t o p p e d o n l y when a f a i l u r e has been d i s c o v e r e d 
o r a t t h e t i m e R , w h i c h e v e r o c c u r s f i r s t , 
( 2 ) t h e i n s p e c t o r i n s p e c t s t h e l a s t u n i t p r o d u c e d , 
( X; X' x 1 
(3) o n l y one component may f a i l i n an i n s p e c t i o n i n t e r v a l ; 
_ _ _ _ _ _ - ~~ — • — 
K ' O t h e r w i s e , one must c o n s i d e r t h e e x p e c t e d number of chance 
f a i l u r e s p r i o r t o a p r o c e s s o v e r h a u l . 
***"_Jy p a r t i t i o n i n g t h e e v e n t £ - 1 i n t o two d i s j o i n t e v e n t s , t h i s 
p r o c e d u r e may be ex t ended t o c o v e r t h e c a s e where some components f a i l 
a s a r e s u l t o f b o t h w e a r o u t and c h a n c e c a u s e s . 
^ 'Or a l t e r n a t e l y - t h e p r o b a b i l i t y o f two o r more components f a i l ­
ing i n an i n s p e c t i o n i n t e r v a l i s s m a l l . 
1 
6 0 
(k) t h e p r o c e s s i s i m m e d i a t e l y s t o p p e d a t t h e t i m e R q and t h e n 
p r o d u c t i o n i s i n s p e c t e d , 
( 5 ) no d e f e c t i v e s a r e s o l d , o r t h e s c r e e n i n g p r o c e d u r e e l i m i ­
n a t e s a l l , d e f e c t i v e s . 
Only s e q u e n t i a l s c r e e n i n g i s c o n s i d e r e d , b e c a u s e on t h e a v e r a g e s e q u e n t i a l 
s c r e e n i n g s c r e e n s l e s s u n i t s p e r p r o c e s s f a i l u r e t h a n c o n t i n u o u s s c r e e n -
ing> ' 
I t i s s e e n t h a t 
00 
( 6 ) 
( 7 ) 
o 
( 8 ) 
( 9 ) 




t h e n 
&=1 
See t h e f o o t n o t e on page 2k . 
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N o w , f r o m e q u a t i o n ( 3 ) o f C h a p t e r I I 
E d ^ ) = V E ( U ) - E ( U v ) - f x . 
T h e r e f o r e , f o r i = 1 , 2 , 3 , 4 
E ( l N | i ) - V E f l J i ) - E ( U v j ^ ) - f x , 
a n d e q u a t i o n ( 5 ) b e c o m e s 
E ( I W ) = ) P ^ i V E ( U | i ) - E ( U v j i : ^ - f x . ( 1 0 ) 
i = l 
U s i n g e q u a t i o n ( 1 7 ) o f C h a p t e r I I i t f o l l o w s t h a t * ' ' 
H E E ( M | ^ ) 
E ( U v i ) 
E ( (LTD) I i) 
f o r £ - 1 , 2 , 3 , 4 , 
U s i n g e q u a t i o n ( 1 1 ) o f C h a p t e r I I , i t i s s e e n t h a t 
E ( M j i ) C E ( l | i ) - R E - l s F ^ j i ) f . ^ S S + E ( R | i ) + 
C E ( D | i ) + Y R E ( L J i ) , ( 1 1 ) 
a n d u s i n g e q u a t i o n ( 9 ) o f C h a p t e r I I 
E ( ( L 4 D ) \i) = h E ( l | i ) + d + E ( D Ji) . ( 1 2 ) 
I t i s a l s o s e e n , r e f e r r i n g t o e q u a t i o n s ( 6 ) a n d ( 8 ) o f C h a p t e r 
(*) I I , t h a t 




E( ( L+D) (13) 
f o r £ = 1,2,3,4, 
The e x p r e s s i o n s f o r E ^ j i ) and P ( 4 ) , f o r i - 1,2,3,4, a r e 
d e r i v e d i n Appendix K. 
The C r i t e r i o n F u n c t i o n - U V a r i a b l e 
S u b s t i t u t i n g e q u a t i o n s ( l l ) , (19), (30) and (3&) o f Append ix K 
i n t o e q u a t i o n ( s ) i t i s s e e n t h a t h and K a r e d e t e r m i n e d from t h e ^ w / op op 
number Di„, where 
jr i t . 
D = Max J ) P ( i ) 
K = l , 2 , 
(V - SpRE(T|i) - / (C+Rh[y-sJ)E(l |4) + j 
SiP(R (h+dp ) 
s i n c e 




M x M x / R 
D 
D = ) D.A./A i f ^ - 1 
l i i = l 
D i f £ = 2,3,4, 
i f jg = 1,3 





X S i A i / A i f £ ~ 1 , 2 
1 * 1 
w 
n 
s = / A . s . / A i 1 / 
i « l 
w 
n 
1 = 1 
R C + *C 
i f i = 3 
i f £ - 4 
i f i A 1,2 
i f i = 3 
i f i - 4 , 
i f i * 1 
i f i * 2 
i f i « 3 , 4 , 
and. e x p r e s s i o n s f o r P ( i ) , E ( T J i ) , and E ( l j i ) a r e d e r i v e d i n Appendix K. 
The e x p r e s s i o n s P ( i ) , E ( T | i ) , and E ( l | i ) a r e f u n c t i o n s of K and h , w h i l e 
p( ) i s a f u n c t i o n of h o n l y * 
The C r i t e r i o n F u n c t i o n - U C o n s t a n t 
I n C h a p t e r I I i t was shown t h a t i n t h i s c a s e t h e c r i t e r i o n f u n c t i o n 
r educed t o m i n i m i z i n g t h e e x p e c t e d t o t a l v a r i a b l e c o s t ( p e r n o n - d e f e c t i v e ) 






K=l,2^.... K = l,2 , o . „ 
Using e q u a t i o n ( 1 4 ) o f C h a p t e r I I i t i s s e e n t h a t 
( 1 5 ) 
f o r i = 1 , 2 , 3 , 4 , and. E ( M | X ) i s expanded .in. e q u a t i o n ( l l ) . 
I t can b e shown, c o n s u l t Append ix K and t h e d e r i v a t i o n of E ( v ) i n 
Model I , t h a t 
G = Min 
h > 0 
K = l , 2 , , 
L i 
C + R h ( y - S i ) j E ( I | i ) + R ( Y - s i ) d i + ( R a ) i + 
RE(T U 
+ s , ( 1 6 ) 
where s ^ , d^ , D , ( R ^ ) ^ , and a r e a l l . d e f i n e d i n t h e p r e v i o u s s e c t i o n . 
Cone l u s i o n s 
I f a l l t h e p r o c e s s componen t s f a i l a s a r e s u l t of w e a r o u t and 
s = s , R„ = (R~) , S » S , and I) = D t h e n a n y component f a i l u r e a f f e c t s w , C v C / w - ' w ' w J 
t h e p r o c e s s i n t h e same way. In. t h i s c a s e t h e r e i s no need t o u s e c o n d i ­
t i o n a l e x p e c t e d v a l u e s in. t h e c r i t e r i o n f u n c t i o n and t h e p r o c e d u r e i s 
p a r a l l e l t o t h a t o f Model I . The o n l y d i f f e r e n c e i s t h a t t h e f a i l u r e den­
s i t y f u n c t i o n , now g ( t ) , i s a l w a y s t r u n c a t e d a t t h e p r e v e n t i v e m a i n t e n ­
a n c e shu tdown . The c r i t e r i o n f u n c t i o n i s n o t d e v e l o p e d f o r t h i s c a s e . 
(*), 
See t h e f o o t n o t e on page 1 3 . 
Min E ( v ) = Min ) P ( i ) E ( v | ^ ) 
h > 0 h > 0 
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When t h e r e i s a t l e a s t one component t h a t f a i l s o n l y a s a r e s u l t 
of c h a n c e c a u s e s t h e p r o c e d u r e of t h i s model may h e u s e d . I n o r d e r t o 
f i n d h Q p and K f o r a p a r t i c u l a r s e t o f p a r a m e t e r s one may d i f f e r e n t i a t e 
t h e e x p e c t e d n e t income e q u a t i o n w i t h r e s p e c t t o h f o r f i x e d Ko When 
K = 1 , h. ^ would be d e t e r m i n e d from t h e z e r o s of t h e d i f f e r e n t i a t e d ' op 
e q u a t i o n , and. t h i s p r o c e d u r e c o u l d b e c o n t i n u e d f o r K ~ 2,33 •> -»F K M X » 
The number K i s s u f f i c i e n t l y l a r g e so t h a t i t i s s e e n t h a t D.,, e q u a -max ./ & ^ 
t i o n {lk), w i l l d e c r e a s e f o r l a r g e r v a l u e s of K„ A s i m i l a r p r o c e d u r e 
might b e used when U i s c o n s t a n t -
The r e s u l t i n g c o m p l e x i t y of t h e c r i t e r i o n f u n c t i o n , e q u a t i o n {Ik) 
or (1 .6) , w i l l u s u a l l y p r o h i b i t using; d i f f e r e n t i a t i o n a s a t o o l i n l o c a t i n g 
lt_p and K Q p O P r o b a b l y t h e most e x p e d i e n t method would b e t o employ s im­
u l a t i o n , t o g e t h e r w i t h " e x p e r i m e n t a l des ign. 5 ' p r o c e d u r e s t o m i n i m i z e t h e 
number of s i m u l a t i o n r u n s r e q u i r e d , t o l o c a t e h and. K 




I n t r o d u c t i o n 
I n t h i s c h a p t e r Model. I I i s e x t e n d e d t o t h e c a s e where t h e p r o d u c t 
q u a l i t y c h a r a c t e r i s t i c i s d i s t r i b u t e d a c c o r d i n g t o t h e p r o b a b i l i t y law 
X ( t ; | ) ( s e e F i g u r e 4 ) where t i s t h e p r o c e s s r u n n i n g h o u r s measured 
from t h e b e g i n n i n g of t h e t o o l c y c l e , and | i s t h e measure of t h e p r o ­
d u c t q u a l i t y c h a r a c t e r i s t i c . Wi th t h i s model i t i s n e c e s s a r y t o have 
samples of more t h a n one i j n . i t a t e a c h i n s p e c t i o n , s i n c e t h e p r o c e s s q u a l ­
i t y i s now a s t o c h a s t i c v a r i a b l e , r a t h e r t h a n a d e t e r m i n i s t i c v a r i a b l e 
a s assumed f o r Models I and I I . 
The s e l e c t i o n of a " q u a l i t y c o n t r o l p l a n " and t h e a p p l i c a t i o n of 
t h e c r i t e r i o n of Model I I a r e d i s c u s s e d , b u t no s o l u t i o n s a r e g i v e n . I n 
t h i s c h a p t e r a " q u a l i t y c o n t r o l p l a n " w i l l mean a t y p i c a l c o n t r o l c h a r t 
( i . e . an X - c h a r t o r p - c h a r t , e t c . ) used t o d e t e c t changes i n p r o d u c t q u a L 
t = t h e t i m e t o a p r o c e s s f a i l u r e , o r Kh, w h i c h e v e r o c c u r s f i r s t , 
i t y . 
Examples 
(1) Let 
t h e n s e t 
P r o c e s s Running Time 
F i g u r e h. P r o d u c t Q u a l i t y D i s t r i b u t i o n and P r o c e s s F a i l u r e . 
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1 w i t h p r o b a b i l i t y p^ 
0 w i t h p r o b a b i l i t y 1 - p. 2 
F f o r t > t * , 
and assume 0 < < p^ < 1» Models I and I I a r e s t u d i e s of t h e s i t u a t i o n 
of h a v i n g p ^ = 0 and p^ = 1- The numbers p ^ and p^ may b e t h o u g h t of a s 
t h e p r o c e s s f r a c t i o n d e f e c t i v e b e f o r e and a f t e r a p r o c e s s f a i l u r e r e s p e c ­
t i v e l y , o r t h e " i n - c o n t r o l " and " o u t - o f - c o n t r o l . " q u a l i t y l e v e l s . 
(2) When t h e q u a l i t y c h a r a c t e r i s t i c e x i s t s on a c o n t i n u o u s s c a l e 
l e t 
u ( t ) + w_ + c f o r t < t * 
u ( T ) F w + E f o r t > t , and 
u ( t ) - some known f u n c t i o n of t i m e (due p e r h a p s t o v a r i a t i o n i n 
m a t e r i a l , t e m p e r a t u r e , e t c . ) w i t h t h e s p e c i a l , c a s e o f u ( t ) - p f o r a l l t , 
w^ .= a random v a r i a b l e , s t a t i s t i c a l l y i n d e p e n d e n t o f t and d i s t r i -
2 2 
b u t e d n o r m a l l y w i t h z e r o mean and v a r i a n c e 6^ a , w i t h > 0 , 
w^ ~ a random v a r i a b l e , s t a t i s t i c a l l y independent ; of t and d i s t r i -
2 2 
b u t e d n o r m a l l y w i t h z e r o mean and v a r i a n c e 0^ a , w i t h 0 ? > 0 1 , and 
e - t h e random e r r o r , s t a t i s t i c a l l y i n d e p e n d e n t o f t and d i s t r i -
b u t e d n o r m a l l y w i t h z e r o mean and v a r i a n c e a/n, wi th , n = t h e sample s i z e , , 
Moder, i n (28), s t a t e s " T h i s model f o r | i s q u i t e a p p r o p r i a t e i n 
t h e p a p e r , t e x t i l e , c h e m i c a l and e l e c t r o n i c component i n d u s t r i e s where 
n o r m a l f l u c t u a t i o n s i n t h e raw m a t e r i a l a r e b o t h f r e q u e n t and s i g n i f i ­
c a n t . " F i g u r e k r e p r e s e n t s t h i s t y p e of p r o d u c t q u a l i t y model„ 
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( 3 ) When w^ = 0 , w^ = ± k q , and u ( t ) = u f o r t > 0 i n t h e above 
e x a m p l e , Duncan ( l ) , d e t e r m i n e s t h e X - c h a r t c o n t r o l l i m i t s , sample s i z e 
and t h e i n s p e c t i o n i n t e r v a l f o r maximum a v e r a g e n e t income f o r a p r o c e s s 
t h a t f a i l s a s a r e s u l t of chance c a u s e s „ 
S e l e c t i n g a Q u a l i t y C o n t r o l P l a n 
For example c o n s i d e r X ( t ; | ) t o b e t h e n o r m a l d i s t r i b u t i o n w i t h 
2 * 2 mean p and v a r i a n c e a f o r t < t , and mean k u , k > 0 , and v a r i a n c e a 
f o r t > t „ A n a t u r a l c h o i c e f o r c o n t r o l of t h i s p r o c e s s would b e a 
X - c h a r t i f k i s l a r g e , s a y k > 3 , o r a c u m u l a t i v e sum c h a r t ( s e e ( 2 6 ) 
and. ( 2 7 ) ) when k <. 3 „ The c u m u l a t i v e sum c h a r t i s more s e n s i t i v e t o smal 
changes in t h e p r o c e s s mean (assum.ing X ( t ; | ) t o b e n o r m a l ) t h a n t h e X-
c h a r t and economics w i l l u s u a l l y d i c t a t e t h e u se o f t h e former when 
k < 3 . I n t h e f i r s t example of t h e p r e c e d i n g s e c t i o n one migh t u s e a 
p - c h a r t , o r p o s s i b l y a n a p p l i c a t i o n of a n o t h e r t y p e o f c o n t r o l c h a r t . 
I n o r d e r t o choose a c o n t r o l , plan, f o r a p a r t i c u l a r Xff ; | ) one 
must be f a m i l i a r w i t h t h e q u a l i t y c o n t r o l l i t e r a t u r e . R e f e r e n c e s ( 2 8 ) 
and ( 2 9 ) ( b o t h a s y e t u n p u b l i s h e d ) c o n t a i n a summary of t h e l i t e r a t u r e 
p e r t a i n i n g t o v a r i o u s c o n t r o l p l a n s t h a t have b e e n a p p l i e d t o d i f f e r e n t 
r e p r e s e n t a t i o n s of X(t These r e f e r e n c e s a l s o summarize t h e l i t e r a ­
t u r e on economical , d e s i g n of q u a l i t y c o n t r o l , p l a n s „ N a t u r a l l y , t h e c r i ­
t e r i o n f u n c t i o n , and hence t h e maximum e x p e c t e d t o t a l , n e t income, w i l l , 
depend upon, what q u a l i t y c o n t r o l , p l a n i s u s e d . The d e c i s i o n o f what q u a ! 
i t y c o n t r o l p l a n t o employ w i l l n o t be i n v e s t i g a t e d i n t h i s s t u d y . 
T e r m i n o l o g y 
The f o l l o w i n g t e r m s a r e i n t r o d u c e d f o r t h i s m o d e l . 
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Let t = t h e p r o c e s s f a i l u r e a r r i v a l t i m e , o r Kh, w h i c h e v e r i s 
t h e s m a l l e r , 
" i n - c o n t r o l " = t h e p r o c e s s a c t i v i t y when t < t * , 
" o u t - o f - c o n t r o l " = t h e p r o c e s s a c t i v i t y when f > t * , 
H Q O = t h e s t a t i s t i c a l h y p o t h e s i s t h a t t h e p r o c e s s i s i n - c o n t r o l , 
E^I = t h e s t a t i s t i c a l h y p o t h e s i s t h a t t h e p r o c e s s i s o u t - o f - c o n t r o l , 
OC ~ t h e p r o b a b i l i t y o f c o n c l u d i n g H % when H : i s t r u e , and i s 
a o 
u s u a l l y t e rmed t h e t y p e I e r r o r , 
(3 *= t h e p r o b a b i l i t y o f c o n c l u d i n g H I when H I i s t r u e , u s u a l l y 
o a 
c a l l e d t h e t y p e I I e r r o r , 
n = t h e sample s i z e , 
C = t h e c o s t i n d o l l a r s f o r e a c h t y p e I e r r o r , o r t h e c o s t of 
l o o k i n g f o r a f a i l u r e when none have o c c u r r e d , 
I = t h e e x p e c t e d number of t i m e s t h a t t h e p r o c e s s i s i n - c o n t r o l . 
when i t i s i n s p e c t e d , p e r t o o l c y c l e , 
a = t h e f i x e d c o s t p e r sample a s s o c i a t e d w i t h o b t a i n i n g and p r o ­
c e s s i n g t h e sample d a t a , 
b = t h e v a r i a b l e c o s t p e r u n i t of s a m p l i n g , a s s o c i a t e d w i t h o b t a i n ­
ing and p r o c e s s i n g t h e d a t a . 
A l l t h e t e r m s used i n t h i s C h a p t e r a r e p r e s e n t e d i n t h e L i s t of 
Symbols i n Appendix L f o r e a s y r e f e r e n c e . 
The C r i t e r i o n F u n c t i o n 
I t i s assumed t h a t X ( t ; £ ) i s a known f u n c t i o n of i t s a r g u m e n t s 
and t h a t s t a t i s t i c a l e s t i m a t e s o f t h e d i s t r i b u t i o n p a r a m e t e r s a r e a v a i l ­
a b l e . Let t h e q u a l i t y c o n t r o l p l a n t o b e employed b e c a l l e d Q 0 The s e t 
i s d e f i n e d t o b e a c o l l e c t i o n o f i n d e p e n d e n t ( f u n . c t i o n a l . l y i n d e p e n d e n t 
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and n o t s t a t i s t i c a l l y i n d e p e n d e n t ) v a r i a b l e s e a c h b e l o n g i n g t o Q so 
t h a t t h e e l e m e n t s o f © c o m p l e t e l y d e t e r m i n e Q. T h e r e f o r e , t h e c r i t e r i o n 
f u n c t i o n becomes 
T ,̂ = Maximum M 
h u K 
E < n e t income 
y e a r (1 ) 
where 
- I f 1 ' r h = < h h > 0 |> and K = < k K 1 I 1" \ I j = 1 , 2 , 
Then , u s i n g e q u a t i o n (10) of C h a p t e r I I I , 
T M - Max 
,?—•) M h y K 
P(<0 <VE(up)-E(Uvji - 1 , ( 2 ) x 7 v 
£=1 
where t h e " e v e n t s f a r e d e f i n e d in. C h a p t e r I I I . The q u a n t i t i e s P ( i ) , 
E(u|i), and E(Uv|i) may b e d e t e r m i n e d f o r t h i s model, b y an a n a l y s i s s i m i ­
l a r t o t h a t p r e s e n t e d in. Appendix K f o r Model I I . The e x p r e s s i o n s f o r 
E(uji) and E ( U v J i ) w i l l b e f a r more c o m p l i c a t e d f o r t h i s model, t h a n f o r 
Model. I I . 
For e x a m p l e , i f Q i s a X - c h a r t w i t h c o n t r o l l i m i t s L and L 0 , t h e n 
e-y*e j{n}, { l , } , { L 2 } } , o r { { n } , a ,or I LA In 
o t h e r w o r d s , knowing OL and (3 t h e sample s i z e a n d c o n t r o l l i m i t s may b e 
d e t e r m i n e d , and hence Q ( i n t h i s c a s e o f an X - c h a r t ) i s d e t e r m i n e d . When 
Q i s a c u m u l a t i v e sum c h a r t © m a y b e J > {_ a J1 3 ° N a t u r a l l y ^ a 
j u d i c i o u s c h o i c e o f U v i l l . f a c i l i t a t e t h e f i n d i n g of t h e number T^. 
Assuming such a number T^ e x i s t s , t h e n t h e v a l u e s of t h e v a r i a b l e s 
t h a t p r o d u c e t h i s number w i l l b e c a l l e d \*J h , and K . In t h e f o l -^ op-7 op-7 op 
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lowing d i s c u s s i o n i t i s assumed t h a t Ks c o n t a i n s t h e t h r e e e l e m e n t s n , 
a , and 0 . 
Development o f t h e C r i t e r i o n F u n c t i o n 
The deve lopmen t o f t h e c r i t e r i o n f u n c t i o n f o r t h e G e n e r a l Model 
d i f f e r s from t h a t of Model I I i n t h e f o l l o w i n g ways % 
( 1 ) e x p e c t e d n e t income i s a f u n c t i o n of h , K, and some of t h e 
q u a l i t y c o n t r o l p l a n v a r i a b l e s ( a , fb, and n migh t h e u s e d ) , 
( 2 ) t h e i n s p e c t i o n c o s t i s r e l a t e d t o t h e sample s i z e and e q u a l s 
a + bn d o l l a r s p e r . i n s p e c t i o n ; 
( 3 ) t h e d e l a y in. s t o p p i n g p r o d u c t i o n when H % i s a c c e p t e d i s a 
a 
f u n c t i o n of t h e sample s i z e , 
(k) t h e s c r e e n i n g p l a n d e p e n d s upon t h e n a t u r e o f X ( t ; | ) , 
( 5 ) t h e t o t a l , number of u n i t s s o l d , U, d u r i n g t h e p e r i o d i s 
a f f e c t e d by t h e s c r e e n i n g p l a n , 
(6 ) s a l v a g e income i s a f u n c t i o n of t h e number o f u n i t s s c r e e n e d 
p e r f a i l u r e and X ( t ; | ) , 
( 7 ) a new c o s t i s i n c u r r e d , c a l l e d t h e t y p e I e r r o r c o s t , and 
e q u a l s 0^j^Q t o o l cyc le ,***) 
(8) t h e number of . " Inspec t ions , t o t a l r u n n i n g h o u r s , and o u t - o f -
c o n t r o l . p r o c e s s r u r m i n g h o u r s p e r t o o l c y c l e a r e f u n c t i o n s of {3, h , and K, 
^ 'Cowden ( 3 1 ) p r o p o s e s t h a t t h e i n s p e c t i o n c o s t p e r t o o l c y c l e i s 
of t h e form C-̂  1 - C2°I + C ^ - n l , w h e r e C-̂  i s o v e r h e a d , C p i n s p e c t i o n c o s t , 
and a c o s t r e l a t e d t o t h e sample s i z e . 
Cowden ( 3 1 ) c o n s i d e r s a f o u r t h f a c t o r w h i c h i n c r e a s e s when t h e 
s h i f t i n t h e p r o c e s s mean d e c r e a s e s , and d e c r e a s e s when t h e s h i f t becomes 
l a r g e r . T h i s f a c t o r i s p r o p o r t i o n a l t o t h e c o s t of a s e a r c h f o r t h e 
c a u s e of f a i l u r e . Cowden a l s o c o n s i d e r s a p r o b a b i l i t y o f f i n d i n g t h e 
c a u s e o f d e f e c t i v e p r o d u c t i o n i n h i s d e r i v a t i o n of „ 
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The c r i t e r i o n f u n c t i o n i s n o t d e r i v e d .in t e r m s of i t s v a r i a b l e s 
and p a r a m e t e r s b e c a u s e t h e methods p r e v i o u s l y used t o l o c a t e h and K 
^ J op op 
w i l l u s u a l l y n o t b e p r a c t i c a l f o r t h i s mode l . 
C o n c l u s i o n s 
The c o m p l e x i t y o f t h e c r i t e r i o n f u n c t i o n w i l l p r o h i b i t u s i n g d i f ­
f e r e n t i a t i o n a s t h e method of l o c a t i n g t h e optimum o p e r a t i n g c o n d i t i o n s . 
P r o b a b l y t h e most e x p e d i e n t method would be t o employ s i m u l a t i o n , t o g e t h e r 
w i t h " e x p e r i m e n t a l , d e s i g n " p r o c e d u r e s t o min imize t h e number of s i m u l a t i o n 
r u n s r e q u i r e d t o l o c a t e t h e optimum l e v e l of t h e model v a r i a b l e s , 
h 
i 
and K op op 
7^ 
CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
Model I - Chance . F a i l u r e s 
Model I i s a p p l i c a b l e t o p r o d u c t i o n s y s t e m s where 
(l.) p r o c e s s f a i l u r e i s p r e d o m i n a n t l y a r e s u l t o f chance c a u s e s , 
o r 
( 2 ) w e a r o u t , w i t h o u t p r e v e n t i v e ma i n f e n a n c e , o c c u r s and t h e p r o ­
c e s s has b e e n i n o p e r a t i o n f o r a " l o n g f i m e 0 " 
When t h e r e a r e n f a i l u r e c o m p o n e n t s , and component f a i l u r e s a r e 
m u t u a l l y i n d e p e n d e n t , t h e f o l l o w i n g r e s u l t s a r e a p p l i c a b l e i f : 
( 1 ) t h e v a l u e of t h e p r o c e s s f a i l u r e a r r i v a l r a t e (A ) i s t h e sum 
of t h e i n d i v i d u a l c o m p o n e n t ' s f a i l u r e r a t e , and 
(2 ) t h e e x p e c t e d v a l u e of e a c h c o s t p a r a m e t e r i s u s e do 
The e x a c t v a l u e o f t h e optimum i n s p e c t i o n i n t e r v a l ( n Q ) was c a l ­
c u l a t e d f o r v a r i o u s s e l e c t i o n s of t h e p a r a m e t e r s and t h e r e s u l t s a r e i n 
T a b l e s 1 t h r o u g h 24» A p p r o x i m a t e e x p r e s s i o n s f o r h a r e d e r i v e d .in 
C h a p t e r I I „ 
When t h e s c r e e n i n g a c t i v i t y does n o t damage t h e p r o d u c t s e q u e n t i a l 
s c r e e n i n g s h o u l d b e u s e d . I f s c r e e n i n g damages t h e p r o d u c t t h e n the-
maximum n e t income v a l u e f o r c o n t i n u o u s s c r e e n i n g s h o u l d be compared t o 
t h e maximum n e t income v a l u e f o r s e q u e n t i a l s c r e e n i n g t o d e c i d e on 
w h i c h p l a n i s b e s t ( s e e Appendix E ) . 
The u n i t s a l e p r i c e ( V ) , s a l v a g e income ( s ) , and t o t a l v a r i a b l e 
p r o d u c t i o n c o s t p e r u n i t ( ! ) migh t b e d i f f i c u l t t o e s t i m a t e 0 When t h e 
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p r o c e s s u n d e r s t u d y i s a p a r t of a l a r g e r p r o d u c t i o n l i n e , V i s t h e v a l u e 
of t h e p r o d u c t a t t h i s p o i n t in. p r o d u c t i o n . I n t h i s c a s e i t may b e p a r ­
t i c u l a r l y d i f f i c u l t t o s e t a v a l u e on V. I f t h e r e i s doub t a s t o what 
v a l u e Y , s , o r V s h o u l d be t h e n u s e t h e s m a l l e s t a c c e p t a b l e v a l u e f o r V 
o r ( Y - s ) b e c a u s e t h e e x p e c t e d n e t income e q u a t i o n i s r e l a t i v e l y f l a t f o r 
h > h . I n o t h e r words , a d e c r e a s e .in V o r (Y-s ) w i l l c a u s e h t o i n -op 3 * ' op 
c r e a s e and t h e r e s u l t i n g d e v i a t i o n from T., w i l l n o t b e a s g r e a t a s i f h 
fc M & op 
d e c r e a s e d b y t h e same amoun t . 
Model I I - Chance and Wearout F a i l u r e s 
The deve lopmen t of Model I I depends upon t h e m a i n t e n a n c e p l a n . I f 
t h e m a i n t e n a n c e p l a n o u t l i n e d f o r Model I I I s a c c e p t e d , t h e n t h e maximum 
n e t income, s a y T ^ ° , can. b e c a l c u l a t e d . I f a n o t h e r m a i n t e n a n c e p l a n we re 
used and t h e income e q u a t i o n were f o r m u l a t e d u s i n g t h e c r i t e r i o n of max.i-
m i z i n g n e t income, t h e n t h e maximum n e t income, s a y T^., may a l s o b e c a l ­
c u l a t e d u s i n g t h e same v a l u e s o f t h e p a r a m e t e r s . The r e s u l t may b e T^° < 
*- o 
T„ , o r T^ > T,, . The q u e s t i o n o f t h e optimum m a i n t e n a n c e p l a n was n o t M ' M M H * ^ 
i n v e s t i g a t e d . 
The m a i n t e n a n c e p l a n used i s a p p l i c a b l e t o s y s t e m s t h a t r e q u i r e 
a h i g h d e g r e e of r e l . i a b i l . i t y a n d / o r when i t i s e c o n o m i c a l t o o v e r h a u l t h e 
p r o c e s s c o m p l e t e l y whenever i t f a i l s from w e a r o u t . 
I f o t h e r m a i n t e n a n c e p l a n s a r e s t u d i e d t h e m a t h e m a t i c a l d e v e l o p ­
ment of t h e Income e q u a t i o n , and s o l u t i o n , may become e x t r e m e l y t e d ­
i o u s . T h i s i s n o t a r e a l d rawback i n s t u d y i n g o t h e r m a i n t e n a n c e p l a n s 
b e c a u s e , i n a n y c a s e , t h e r e s u l t i n g c o m p l e x i t y of t h e c r i t e r i o n f u n c t i o n 
w i l l u s u a l l y d i c t a t e t h a t s i m u l a t i o n be used t o s o l v e t h e p r o b l e m . 
E s t i m a t i o n of t h e r i s k p a r a m e t e r s (A, p., N) i s r e l a t i v e l y e a s y 
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e x c e p t when o n l y t h e t i m e s t o a f a i l u r e was d i s c o v e r e d a r e known - a 
s i t u a t i o n t h a t u s u a l l y o c c u r s i n p r a c t i c e . When t h i s happens i t i s 
b e t t e r t o c o l l e c t new f a i l u r e d a t a d e s i g n e d t o g i v e t h e t i m e t o a f a i l ­
u r e o c c u r r e d t h a n t o t r y t o e s t i m a t e A, p , and N from t h e o l d d a t a 
b e c a u s e an a c c u r a t e f a i l u r e d e n s i t y f u n c t i o n i s needed t o o b t a i n a r e a ­
s o n a b l e d e g r e e o f p r e c i s i o n in. h and K 
op op 
The s t u d y o f t h i s model f o r d i f f e r e n t m a i n t e n a n c e p l a n s and v a r i 
ous o t h e r f a i l u r e d e n s i t y f u n c t i o n s i s w o r t h y of f u r t h e r r e s e a r c h . 
G e n e r a l Model 
T h i s model i s p r o b a b l y t h e most i m p o r t a n t model f o r p r a c t i c a l wo 
b e c a u s e i t i n c o r p o r a t e s b o t h c h a n c e a n d w e a r o u t f a i l u r e s w i t h t h e p o s ­
s i b i l i t y f o r d r i f t s a n d / o r s h i f t s in. p r o c e s s q u a l i t y . T h e s e l e c t i o n of 
t h e q u a l i t y c o n t r o l p l a n i s of paramount impor tance : b e c a u s e a change i n 
t h e q u a l i t y c o n t r o l p l a n ( e . g . c h a n g i n g f r o m a X - c h a r t t o a c u m u l a t i v e 
sum c h a r t ) w i l l change maximum n e t i ncome . P r o b a b l y t h e m o s t e x p e d i e n t 
method of s o l v i n g t h i s p r o b l e m f o r t h e optimum o p e r a t i n g c o n d i t i o n s y o u 
be t o employ s i m u l a t i o n . 
To t h e a u t h o r ' s knowledge t h i s m o d e l has n o t b e e n s t u d i e d b e f o n 
and i n h i s op.in i o n i t i s d e s e r v i n g o f f u r t h e r r e s ear : : ho 
G e n e r a l C o n e l u s i o n s 
Th i s s t u d y i s p r i m a r i l y t h e o r e t i c a l . The r e a d e r must pay p a r t i ­
c u l a r a t t e n t i o n t o a l l t h e a s s u m p t i o n s b e f o r e a p p l y i n g t h e r e s u l t s . 
H e r e , a t t e n t i o n i s f o c u s e d on t h e f o l l o w i n g t h r e e a s s u m p t i o n s t h a t a r e 
made i n v a r i o u s p a r t s o f t h e s t u d y . 
( l ) "Wearout f a i l u r e can b e n e g l e c t e d ; " t h e v a l i d i t y c.f t h i s 
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a s s u m p t i o n depends upon t h e w e a r o u t f a i l u r e a r r i v a l , r a t e and c o s t s . 
I f t o t a l p r o d u c t i o n f o r t h e y e a r i s f i x e d , t h e n when t h e t o t a l c o s t 
c o n t r i b u t e d t h r o u g h w e a r o u t i s much s m a l l e r t h a n t h a t o f chance f a i l ­
u r e s , w e a r o u t migh t b e n e g l e c t e d . On t h e o t h e r h a n d , i f t o t a l p r o d u c ­
t i o n i s n o t f i x e d , downtime c o s t s a r e a l s o r e l e v a n t and s h o u l d b e s t u d ­
i ed b e f o r e d e c i d i n g t h a t t h e e f f e c t of w e a r o u t can b e o m i t t e d . 
(2) I n a n y a p p l i c a t i o n of t h e r e s u l t s i t i s recommended t h a t 
t h e a c c u r a c y of t h e a p p r o x i m a t i o n s used b e checked e s p e c i a l l y t h o s e 
in e q u a t i o n s ( 8 ) , (1-4), and ( l ? ) o f C h a p t e r I I . These e q u a t i o n s a p p e r ­
t a i n t o "a l o n g r a n g e s t u d y . " The a c c u r a c y of one a p p r o x i m a t i o n , + h a t 
of e q u a t i o n ( 8 ) , i s s t u d i e d .in. Appendix C o 
( 3 ) Tota l , p r o d u c t i o n f o r t h e y e a r w i l l p r o b a b l y n e v e r be a 
p r e d e t e r m i n e d c o n s t a n t . Assioming t o t a l p r o d u c t i o n v a r i a b l e o r f i x e d f o r 
t h e p e r i o d o f t h e s t u d y g i v e s t h e two e x t r e m e s o f what w i l l p r o b a b l y 
happen i n p r a c t i c e . 
7 8 
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APPENDIX A 
EXTENSION OF MODEL I TO THE CASE OF 
TWO OR MORE FAILURE COMPONENTS 
P r o c e s s F a i l u r e D e n s i t y .Funct ion 
Let t h e p r o c e s s c o n t a i n n components whose f a i l u r e r e s u l t s i n 
d e f e c t i v e p r o d u c t i o n „ The j t h component of t h e machine may f a i l a s a 
r e s u l t o f r . d i f f e r e n t c a u s e s , f o r j = l , 2 , . . . ; n . I t i s assumed t h a t 
t h e v a r i o u s c a u s e s of machine t o o l f a i l u r e o c c u r i n d e p e n d e n t l y f o r e a c h 
of t h e n components and component f a i l u r e s a r e m u t u a l l y i ndependen t . , The 
a r r i v a l s of p r o c e s s f a i l u r e fo r * nc j t h component , a s a r e s u l t c.f t h e i t h 
c a u s e o f chance f a i l u r e , a r e c o n s i d e r e d t o h e a t an a v e r a g e r a t e o f A. . 
H 
o c c u r r e n c e s p e r f a i l u r e f r e e p r o c e s s r u n n i n g h o u r , f o r I s 1 , 2 , <,<><., r.. 
and j - 1 , 2 , . c 0n.o 
C o n s i d e r t h e - i t h c a u s e o f chance f a i l u r e f o r t h e p r o c e s s f a i l ­
u r e componento The a r r i v a l s o f p r o c e s s f a i l u r e , f o r a n y i - 1 , 2 , o o c , r 
and j m 1 , 2 , „ « o , n , a r e c o n s i d e r e d t o b e random.. T h i s means t h a t t h e 
c h a n c e of t h e next, a r r i v a l , of a f a i l u r e i s i n d e p e r d e i r c f t h e 4. ime s i n c e 
t h e l a s t a r r i v a l o f a f a i l u r e 0 It; can he shown ( s e e ( 1 0 ) o r ( 1 5 ) ) t h a t 
t h e p r o b a b i l i t y d e n s i t y f u n c t i o n d e s c r i b i n g t h i s phenomena i s 
f o r t > 0 
f o r t; < 0 
( i : 
8o 
where A~ ĵ = t h e mean t i m e be tween f a i l u r e s f o r t h e i t h componen t , when 
a f a i l u r e i s a r e s u l t o f t h e i t h c a u s e of chance f a i l u r e . 
The p r o b a b i l i t y d e n s i t y f u n c t i o n s f o r t h e o t h e r r . - 1 c a u s e s of 
chance f a i l u r e , f o r t h e j t h component , a r e s i m i l a r l y d e f i n e d , f o r e a c h 
j = 1 , 2 , . . . , n . 
" A d d i t i o n " of Two o r More F a i l u r e D e n s i t y F u n c t i o n s 
F i r s t c o n s i d e r a p r o c e s s t h a t has o n l y one f a i l u r e component„ I t 
i s assumed t h a t once t h i s component f a i l s , a s a r e s u l t of t h e o c c u r r e n c e 
of a n y one o f t h e chance c a u s e s o f f a i l u r e , t h a t t h e o c c u r r e n c e of a n o t h e r 
" f a i l u r e " b e f o r e an i n s p e c t i o n d o e s n o t a f f e c t t h e p r o c e s s i n a n y way. 
For e x a m p l e , a c u t t i n g t o o l t h a t f i r s t b r e a k s w i l l n o t b e a f f e c t e d b y 
t h e o c c u r r e n c e o f f a i l u r e t h a t c a u s e s t h e t o o l , t o become c h i p p e d . T h e r e ­
f o r e , t h e d i s t r i b u t i o n o f f :he w a i t i n g t i m e t o t h e f i r s t f a i l u r e w i l l b e 
t h e p r o c e s s f a i l u r e d i s t r i b u t i o n . Le t F(C) be t h e p r o c e s s f a i l u r e d i s ­
t r i b u t i o n , f o r C ^ 0 . Then 
F(C) = p <̂ a f a i l u r e o c c u r r i n g b y t i m e C } ~ 
1 - P ^ n o f a i l u r e s t o a t l e a s t t h e t i m e . 
I f T^ •= t h e p r o c e s s r u n n i n g h o u r s t o a f a i l u r e , when t h e f a i l u r e 
was a r e s u l t of t h e i t h c a u s e of c h a n c e f a i l u r e , and F . (C) i s t h e c o r r e s . 
p o n d i n g p r o b a b i l i t y d i s t r i b u t i o n f u n c t i o n , f o r i - 1 , 2 , ..<>, M, t h e n 
M 
F(C) - 1 - n I 1 - F ( C H , (2 ) 
i = l 1 
i f a l l t h e _\ a r e m u t u a l l y . i ndependen t . 
I t f o l l o w s t h a t i f 
f . ( t ) = d . F . ( t ) / d t 
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f o r i = 1 , 2 , . . . , M, t h e n 
M r «r -ii 
i = l 
M 
IT. 1 - F . ( t ) 
E q u a t i o n (3) w i l l g i v e t h e f a i l u r e d e n s i t y fun.ct.ion f o r any 
p r o c e s s f a i l u r e .component. C o n s i d e r t h e k t h p r o c e s s f a i l u r e component 
Using e q u a t i o n ( l ) i n e q u a t i o n (3), where j = k and i ~ 1,2,.., r f c , i f 
i s s e e n t h a t t h e f a i l u r e d e n s i t y f u n c t i o n f o r t h e k t h component i s 
f o r t > 0 
e k ( t ) - « j ~ , (k) 
f o r t < 0 
where A ^ 1 - -
componen t . 
Now c o n s i d e r a p r o c e s s t h a t c o n t a i n s n components whose f a i l u r e 
r e s u l t s i n d e f e c t i v e p r o d u c t i o n . E q u a t i o n s ( 4 ) and (3) may b e used f c 
g i v e t h e d i s t r i b u t i o n o f t h e w a i t i n g t i m e t o t h e f i r s t p r o c e s s f a i l u r e . 
The f o l l o w i n g a s s u m p t i o n i s made: 
( l ) o n l y one component can f a i l w i t h i n an i n s p e c t i o n i n t e r v a l , 
o r 
(2) t h e p r o b a b i l i t y o f two o r more components f a i l i n g w i t h i n an 
S i n c e t h e mach ine t o o l i s f i x e d e a c h t i m e a f a i l u r e i s d i s c o v e r e d , 
i t can e a s i l y b e shown t h a t e q u a t i o n (4) i s t h e f a i l u r e d e n s i t y f u n c t i o n 
f o r t h e t i m e b e t w e e n t h e s and ( s + l ) t h f a i l u r e , f o r any s = 1,2,.. . 
3=1l£i (3) 
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i n s p e c t i o n i n t e r v a l i s v e r y s m a l l and t h i s e f f e c t i s n e g l e c t e d : 
T h e r e f o r e , u s i n g e q u a t i o n ( 4 ) , k = 1 , 2 , . . . , n , i n e q u a t i o n ( 3 ) i t i s 
s e e n t h a t t h e p r o c e s s f a i l u r e d e n s i t y f u n c t i o n i s 
r A e ~ A t f o r t > 0 
e ( t ) = j , (5 ) 
L 0 f o r t < 0 
where A ~̂ =< ^ A^ I ™ t h e mean t i m e b e t w e e n p r o c e s s f a i l u r e s . *^ 
l k = l J 
T h i s r e s u l t means t h a t t h e p r o c e s s w i l l r e s p o n d t o i t s e n v i r o n ­
ment a s a f u n c t i o n o f A a s i f i t does n o t know t h e v a l u e s of t h e i n d i v i d ­
u a l A . . , i = 1 , 2 , . . . , r . and j = 1 , 2 , . . . , n . The f o l l o w i n g s e c t i o n shows 
1J J 
t h a t t h e v a l u e s of each. A. . may be o f i m p o r t a n c e . 
1J 
The C r i t e r i o n F u n c t i o n 
Let s _ .= t h e s a l v a g e income f o r a d e f e c t i v e p r o d u c e d when t h e 
j t h component f a i l e d a s a r e s u l t o f t h e i t h c a u s e o f 
chance f a i l u r e , 
and s i m i l a r l y S. . , R and D. . a l l p e r t a i n , t o when t h e j t h component 
1 <3 CI j 1J 
f a i l s a s a r e s u l t of t h e i t h c a u s e of c h a n c e f a i l u r e , f o r i = l , 2 , » . » , r . 
, _____ . — — - — — - — — 
T h i s p r o b a b i l i t y can b e shown t o b e equal , t o 
n A, h 
1 V e - 1 
k= l e 
and i s u s u a l l y q u i t e l a r g e i f n > 1 0 . 
(*"*) 
^ 'S ince t h e p r o c e s s i s r e t o o l e d f o r e a c h f a i l u r e , i t can b e shown, 
s e e ( 1 3 ) , t h a t e q u a t i o n ( 5 ) i s t h e p r o c e s s f a i l u r e d e n s i t y f u n c t i o n f o r 
t h e t i m e b e t w e e n t h e s and ( s + l ) t h p r o c e s s f a i l u r e , f o r a n y s - 1 , 2 , . . . . 
8 3 
and j ss 1 , 2 , . * „ , n . 
Now c o n s i d e r 
E ^ d e f e c t i v e p r o d u c t i o n s a l v a g e i n c o m e ^ ~ s ^ R s H ^ 
^ { s E t J = R ^ P ( ( i j ) ) E ( s . ^ H j C i j ) ) , 
where ( i j ) i s t h e e v e n t t h a t t h e p r o c e s s f a i l e d , a s a r e s u l t o f t h e occur ­
r e n c e of t h e i t h c a u s e of c h a n c e f a i l u r e f o r t h e j t h componen t , f o r 
i * 1 , 2 , . , . , r . and j - 1 , 2 , . . o , n . 
I t f o l l o w s t h a t ( s e e Wi lks (2k) p age 6 l ) 
E ( s i . H b | ( i j ) ) . s . . j H ^ f | ( i j ) ) , 
where 
A. .X 
e t A. . e X^ dX 
F ( t | ( i j ) ) = / ^^—-—^-—^ * 1 . e 
t> ~) A. .X 
/ A. ,e dX 
Henc« 
E { ^ | ( i J ) } = B 1 3 ^ ( U S A ) , 
an.d i s d e r i v e d i n Append ix D , whe re 
A « > A . . 
I t i s s e e n t h a t 
P ( ( U ) ) = A . . e - W C d X = A . ^ A , 
t h e r e f o r e 
Let 
s - E ( s ) « > ^ - i i , ( 6 ) 
i , 3 
t h e n 
E ( R s H b ) R E ( s ) E ( H b ) - Rs . 
Using t h i s same a r g u m e n t , i t f o l l o w s t h a t 
E ^ s c r e e n i n g c o s t } ~ S N 
E ^Downtime c o s + j .= G^D 4- R^ , 
E ^ t o t a l c l o c k h o u r s p e r t o o l c y c l e L t D , 
where £T, D, and R a r e d e f i n e d a s s i s d e f i n e d i n e q u a t i o n ( 6 ) . 
When t h e p r o c e s s c o n t a i n s more t h a n one f a i l u r e component a n d / o r 
a f a i l u r e component f a i l s a s a r e s u l t o f more t h a n one c h a n c e c a u s e t h e 
c r i t e r i o n f u n c t i o n f o r Model. I c h a n g e s in. two w a y s . The changes a r e c 
( 1 ) Use E ( s ) , E ( S ) , E ( R j , and. E(D) f o r s , S , R , and D 
C 0 
r e s p e c t i v e l y , and 
( 2 ) t h e e x p r e s s i o n s f o r I, H^, L , and N__ have A a s t h e i r pa ramete r 
where A ~ i , 3. 
APPENDIX B 
D e f i n e 
t = t h e i t h Q b s e r v a t i o n on t h e p r o c e s s r u n n i n g h o u r s t o a f a i l u r e , 
t t = t h e i t h o b s e r v a t i o n on t h e p r o c e s s r u n n i n g t i m e t o when a 
(*) 
f a i l u r e i s d i s c o v e r e d , 
- t h e mean p r o c e s s r u n n i n g t i m e t o when a f a i l u r e i s d i s c o v e r e d , 
X* 
-•* * 
X •- t h e s t a t i s t i c a l e s t i m a t o r o f X , 
A 
X ~ t h e maximum l i k e l i h o o d e s t i m a t o r of X, 
A ~ t h e e s t i m a t o r of A when o n l y t h e t . v a l u e s a r e a v a i l a b l e * 
i 
The maximum l i k e l i h o o d e s t i m a t o r i s 
A N - 1 
X = ( t ) - n 
E- | - 1 
t i 
i = l 
which, can b e computed i f t h e t ^ numbers a r e a v a i l a b l e » A more p r a c t i c a l 
e s t i m a t o r f o r X, c a l l i t X , i s 
x = . A , ( 1 ) o n ' K 
which i s t h e o n l y u n b i a s e d e s t i m a t o r f o r X d e p e n d i n g on t and i t has l e s s 
(*) 
I t i s assumed t h a t t h e l a g t i m e d , t h a t i t t a k e s t h e i n s p e c t o r 
ESTIMATION OF THE MEAN' TIME BETWEEN FAILURES, 
X, FOR MODEL I 
g e t t h e t * n u m b e r s . i 
t o d e c i d e t h a t t h e p r o c e s s h a s f a i l e d , has a l r e a d y b e e n s u b t r a c t e d t o 
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v a r i a n c e t h a n t h e maximum l i k e l i h o o d e s t i m a t o r A. y 
The e s t i m a t o r of A w i l l b e t a k e n a s 
n 
A* - n j £ t^J" 1 . (2) 
When, o n l y t h e t ^ numbers a r e a v a i l a b l e , t h e most p r a c t i c a l method 
of e s t i m a t i n g A would b e b y 
( A * ) " 1 - B, (A;h) I"1. (3) 
fa*) 
In Appendix D i t i s shown t h a t 
(A;;h) - H l - e ^ V 1 - A"1 
S u b s t i t u t i n g e q u a t i o n s (2) and (h) i n t o e q u a t i o n (3) g i v e s 
1 . F-* A - IF1 IR„<JTY(T*-B) 1 . {5 
I t c a n b e shown ' t h a t A i s a c o n s i s t e n t e s t i m a t o r of 
(•*L 
% T h i s r e s u l t f o l l o w s b y n o t i n g t h a t t i s d i s t r i b u t e d a c c o r d i n g 
t o t h e gamma p r o b a b i l i t y law ( s e e Willis (24) p . 390). 
(**L 
The l a g t i m e d has a l s o b e e n s u b t r a c t e d from E^o 
y o b s e r v i n g t h a t (t*/h) i s a c o n s i s t e n t e s t i m a t o r f o r I and t h e 
l o g a r i t h m i c f u n c t i o n i s monotone and c o n t i n u o u s , 
APPENDIX. C 
and 
ESTIMATING E(U) IN TERMS OF THE TOTAL NUMBER 
OF TOOL CYCLES m 














<S> = - ; (L.+D) 
i * l 
+ 1 + d + D m 
I t i s e a s i l y s e e n t h a t 
E ( T . ) - A " 1 , 
and from e q u a t i o n ( 5 ) of Append ix D 
E(<t>i) = E(L) + D * h I + d + D * ( t ) 
I t f o l l o w s t h a t 
0 < Q \ E — - " 
$ E$ m m 
=•• + E 
'ft E§ - a Eft m m m m 
$ E$ * m m 
< E 1 E ($ ) 
-2 (*) 
m 
E V(f l - A " 1 ) - ( $ - (D) A 1 m ' v m 7 ( 
• 1 I 2 
E ( $ ) 
m 
S- E 
( T . - A " 1 ) 1 ^ 
m m 
fel 1 = 1 
E($ 
m' 
mE ^ _____ 
m 
•In 
_L_ ________ I o E ( $ ) 2 
$ m ( x Jm, 
m 
A " 1 F P T_ - - E ( $ ) m ~ "I 
From e q u a t i o n (k) i t i s n o t i c e d t h a t . 
> h + d + D 
t h e r e f o r e 
$ > h + d + D , 
The Cauchy-Schwarz i n e q u a l i t y f o r i n t e g r a l s . 
hence 
E O D J " 2 < JHFD.+ D 1 
An u p p e r bound f o r t h e e r r o r i n t h e a p p r o x i m a t i o n o f e q u a t i o n 
(2 ) ( e q u a t i o n ( 8 ) o f C h a p t e r L l ) i s 
I i I E R RE(T) 
IL^JQI ~ E(U) - < 
V E(T A<H » <J>1)/ 
V m ~ A(E(L) 4- D ) ( h 4 d 4 D ) 
( 7 ) 
The e s t i m a t e of t h e u p p e r bound f o r JQJ may b e improved b y find« 
—2 - 2 i n g E($ ) , b u t t h e e x p r e s s i o n f o r E($ )~ i s d i f f i c u l t t o e v a l u a t e „ 
I t i s e v i d e n t from e q u a t i o n (7) t h a t ^ f o r f i x e d B_^ F H_,RJQJ c an ] 




T t h e p r o c e s s r u n n i n g h o u r s t o a f a i l u r e , and 
e ( t ) * 
Ae 
0 
-At f o r t > 0 
f o r t < 0 
i s t h e c o r r e s p o n d i n g f a i l u r e d e n s i t y f u n c t i o n . 
R e c a l l t h a t 
- t h e r u n n i n g h o u r s o f d e f e c t i v e p r o d u c t i o n p e r t o o l c y c l e , 
L ~ t o t a l , r u n n i n g h o u r s p e r t o o l c y c l e , and 
I ~ t o t a l i n s p e c t i o n s p e r t o o l c y c l e . 






+ d. =? h i + d , 
= h T h + 1 + d - T * h I + d - T. 
T h e r e f o r e 
I = E ( I ) = j 
(1 ) 
(2 ) 
( 3 ) 
DERIVATION OF THE QUANTITIES I , L, 
AND 1̂  FOR MODEL I 
=. Ah s+1 . -Ahs , e d s - Ah i e ~ t e d s 
j = l ( j - l ) 
L ~ h i + d - h < l - e •Xh + d > 
and 
9 1 
e - ( A h ) ( 3 - 1 ) _ e - ( A h ) j 1 -
»Ah 
,1=1 
I t i m m e d i a t e l y f o l l o w s t h a t 
(4) 
-Ah = h i + d - E(T) * h ^ 1 - e " ' V + d - A (6 ) 
A P P E N D I X E 
DEVELOPMENT OF MODEL I WHEN THE SCREENING ACTIVITY 
DAMAGES THE PRODUCT 
The two f o l l o w i n g a s s u m p t i o n s a r e made: 
(1 ) t h e s c r e e n i n g and i n s p e c t i o n a c t i v i t y c a u s e t h e i t e m t o 
become d e f e c t i v e ^ and 
(2 ) t h e r e i s o n l y one f a i l u r e component and a f a i l u r e i s t h e 
r e s u l t o f o n l y one chance c a u s e . 
T e r m i n o l o g y 
Let 
1^ = t h e number of i n s p e c t i o n s i n t h e i t h t o o l c y c l e , 
L^ = t h e p r o c e s s r u n n i n g h o u r s i n t h e i t h t o o l c y c l e , 
p^(R <{h+d^ ) = t h e number o f u n i t s s c r e e n e d i n t h e i t h t o o l 
c y c l e when s e q u e n t i a l s c r e e n i n g i s u s e d , p ( ) = ^ ( & ± { } 
m = t h e number of t o o l c y c l e s i n t h e y e a r . 
S c r e e n i n g P r o c e d u r e 
I t can b e shown t h a t i n a n y p r a c t i c a l c a s e c o n t i n u o u s s c r e e n i n g 
forward i n t i m e ( i . e . t h r o u g h t h e n o n - d e f e c t i v e s ) i s u n e c o n o m i c a l i n 
t h i s c a s e . T h e r e f o r e , c o n t i n u o u s s c r e e n i n g w i l l b e t h r o u g h t h e d e f e c ­
t i v e s and 
Development o f t h e C r i t e r i o n F u n c t i o n 
I t i s n o t e d t h a t now 
U -
t o t a l number of non-
d e f e c t i v e s p r o d u c e d 
y e a r 
t o t a l , number of non -
d e f e c t i v e s d e s t r o y e d 
y e a r 
Let 
q _ t h e number of n o n - d e f e c t i v e s d e s t r o y e d 
" p l a n t " o p e r a t i n g c l o c k h o u r 3 
and i f s c r e e n i n g i s c o n t i n u o u s , t h e n 
m 
i = l 
m 
L ( L i + D ) 
b e c a u s e one good i t e m i s d e s t r o y e d a t e a c h i n s p e c t i o n . 
The f o l l o w i n g a p p r o x i m a t i o n f o r E ( 0 ) w i l l b e used (*) 
E(e) = 
L + D 
t h e r e f o r e 
E(U) _ 
L + D 
R 
I f s e q u e n t i a l m i d - r a n g e s c r e e n i n g I s u s e d , t h e n 
(*) See f o o t n o t e page 13, 
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m (7) 
i = l 
where 
= t h e number of n o n - d e f e c t i v e u n i t s d e s t r o y e d a s a r e s u l t o f 
s e q u e n t i a l s c r e e n i n g i n t h e i t h t o o l c y c l e . 
/ ( * ) 
I t i s r e a s o n a b l e t o e s t i m a t e \f b y p (R(h+d) y2. ' The e x a c t 
fo rmula f o r W_ i s complex and cumbersome and i t i s n o t c o n s i d e r e d t o 
b e w a r r a n t e d i n t h i s s t u d y . 
T h e r e f o r e , W. « p ^ R {^+d^ )/'<- a r ^ 
W - E ( W i ) - p(R { h + d } ) / _ . 
(**) 
Hence , t h e f o l l o w i n g a p p r o x i m a t i o n w i l l be used ' ' 
I - 1 + P ( R 
E(0) « ~ - 2 — , (8) 
L f D 
and 
E(U) i - 2 . 
L + D 
| - _ . i - - H ( 9 
K ' I t can b e d e m o n s t r a t e d ( s e e ( 1 6 ) ) t h a t i f Ah < 1 , a c o n d i t i o n 
t h a t h o l d s i n a n y p r a c t i c a l c a s e , t h e e x p o n e n t i a l f a i l u r e d e n s i t y f u n c t i o n 
i s v e r y c l o s e t o t h e u n i f o r m d e n s i t y f u n c t i o n b e t w e e n a n y two p o i n t s 
kh and (k + l ) - h _ 
( * * ) 
v ' S e e f o o t n o t e page ± 3 , 
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D e r i v a t i o n of E ( v ) 
When s c r e e n i n g i s c o n t i n u o u s and t h r o u g h t h e d e f e c t i v e s i t can 
be shown ( c o n s u l t t h e s e c t i o n on t h e d e r i v a t i o n o f E ( v ) ) t h a t 
A E(v) = ~ i C I + R ( Y - s ) H b + SRIi^ - s i + C dD + R C U Y , (10, 
b e c a u s e o n l y one n o n - d e f e c t i v e i s damaged a t e a c h i n s p e c t i o n 0 
If s e q u e n t i a l m i d - r a n g e s e a c h i s used t h e n 
E (v ) = I Cl + R ( Y - s ) l b + Sp(R { h + d } ) - ^fe?l2 
V 4 R C ^ + Y 
s ( l - l ) f 
(11 ) 
Compar ison of C o n t i n u o u s and S e q u e n t i a l S c r e e n i n g 
The d e c i s i o n o f wh ich s c r e e n i n g p l a n t o u s e depends upon t h e i r 
r e s p e c t i v e T^ v a l u e s . O b v i o u s l y , t h e p l a n t o u s e i s t h e one t h a t ha s t h e 
l a r g e s t T,,. 
M 
Let 
(T^) « t h e maximum e x p e c t e d n e t in,come when c o n t i n u o u s s c r e e n -
1 
i n g i s u s e d , 
h_ = h , where h p r o d u c e s ( T . J , 1 op* op v M'-, ' 
( T ^ ) ^ = t h e maximum e x p e c t e d n e t income when s e q u e n t i a l m i d - r a n g e 
s e a r c h i s u s e d , and 
h 0 = h , whe re h p r o d u c e s (TA,) 2 o p ' op r v M 2 
T h e r e f o r e , u s e s e q u e n t i a l m i d - r a n g e s e a r c h i f 
( T M } 2 > ^ V l ' 
o r (*) 
—, ~~nrr = "— —~_ 
^ ' T h i s f o l l o w s from f i r s t d e r i v i n g E(Uv) and t h e n fo rming t h e 
e q u a t i o n s f o r T M ( s e e e q u a t i o n (19) o f C h a p t e r I I ) and t h e n making t h e 
c o m p a r i s o n . 
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s + V 
'p(R ( h 0 + d ) ) ) 
- - 1 + p ( R ( h 2 + d ) ^ 
< R S • R^ (hx ; A) , 
o t h e r w i s e u s e c o n t i n u o u s s c r e e n i n g t h r o u g h t h e d e f e c t i v e s » 
The TRI E q u a t i o n s - U V a r i a b l e 
When s c r e e n i n g i s c o n t i n u o u s h i s t h e p o s i t i v e z e r o of 
op * 
dh 
\C + V - s ) l + R(Y - s + S 
h i + d + D 
(12; 
I t i s s e e n t h a t t h i s e q u a t i o n i s o f t h e same form a s t h e TRI^ 
e q u a t i o n * The g e n e r a l s o l u t i o n of e q u a t i o n . (12) i s c o n t a i n e d i n t h e 
g e n e r a l s o l u t i o n o f t h e TRI-^ e q u a t i o n . ' 
When s e q u e n t i a l s c r e e n i n g i s u sed h w i l l h e d e t e r m i n e d by t h e h 
c o o r d i n a t e a t t h e minimum o f t h e f o l l o w i n g e x p r e s s i o n 
h i + d + D 
E q u a t i o n (13) i s of t h e same form a s t h e TRI^ e q u a t i o n and h would b e 
d e t e r m i n e d b y t h e p r o c e d u r e o u t l i n e d f o r TRI^« 
The TRC E q u a t i o n s - U C o n s t a n t 
When s c r e e n i n g i s c o n t i n u o u s h. i s t h e p o s i t i v e z e r o of 
op 
I CC - s ) l + R(Y - s + S ) ^ Ik) 
I t i s s e e n t h a t t h e g e n e r a l s o l u t i o n of e q u a t i o n (Ik) i s c o n t a i n e d 
in, t h e g e n e r a l s o l u t i o n f o r t h e TRC^ e q u a t i o n . 
^ T h i s i s s e e n by d i f f e r e n t i a t i n g e q u a t i o n (1.2) and compar ing t o 
e q u a t i o n (39) of C h a p t e r I I . 
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When s e q u e n t i a l m i d - r a n g e sea rch , i s used t h e n h ^ w i l l b e t h e h 
c o o r d i n a t e a t t h e minimum o f t h e f o l l o w i n g e x p r e s s i o n 
(C - s ) l +R(Y - + p(R ( h + d j ) (S - | ) o. ( 1 5 ) 
E q u a t i o n ( 1 5 ) i s of t h e same form as t h e TRC^ e q u a t i o n and h would b e 
d e t e r m i n e d by t h e same p r o c e d u r e o u t l i n e d f o r TRC » 
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APPENDIX F 
The T a b l e s i n t h i s Appendix g i v e t h e optimum i n s p e c t i o n i n t e r v a l 
(h ) and TRI? ( h = h ) f o r s e l e c t i o n s o f A, CL - d + D, and t h e c o s t 
Op L Op • 3 O 3 
r a t i o s A, B , and C . The T a b l e s a l s o c o n t a i n t h e p e r c e n t i n c r e a s e i n 
b l 
TRI- (and hence t h e p e r c e n t d e c r e a s e in T„) f o r f o u r v a l u e s o f h . For 1. r M 
e x a m p l e , i f B - 1 . 0 , C~- - 1 0 0 0 . 0 , A - 0 . 9 , A « 0 . 0 1 , and <XQ * 0 . 1 ( s e e 
T a b l e l ) t h e n h -» 4 . 4 9 7 h o u r s , TRI? - - 8 . 6 4 , and op *' 3 1 3 
TRI? (h - ( 0 . 1 1 5 ) ( 4 o 4 9 7 ) ) - - 8 - 6 4 ( 1 . 0 - 0 . 1 7 4 7 ) , 
TRI^ ( I i * ( 0 . 5 3 5 ) ( 4 . 4 9 7 ) ) •- - 8 . 6 4 ( . 1 . 0 - 0 * 0 1 0 3 ) ^ 
TRI? (h - ( 2 . 0 ) ( 4 . 4 9 7 ) ) - - 8 . 6 4 ( 1 . 0 - 0 . 0 1 2 4 ) , 
TRI? ( h ~ ( 5 „ 0 ) ( 4 . 4 9 7 ) ) = - 8 . 6 4 ( 1 . 0 - 0 . 0 7 6 3 ) -
On t h e o t h e r h a n d , when TRl^ = 0 maximum n e t income (T^) d e c r e a s e s r a p i d l y 
i f h < h o p . F o r e x a m p l e , i f B = 0 . 0 1 , C S 1 « 1 . 0 . 0 , A * 1 . 0 , A = " D . l , and 
a - 1 . 0 ( s e e T a b l e 8 ) t h e n h = 0 . 4 5 2 h o u r s , TRI* « .0 .04 and o v ' op y 3 1 
-X 
T R I 1 
(h = ( 0 . 1 ) ( 0 . 4 5 2 ) ) - 0 . 0 4 ( 1 . 0 + 4 . 0 1 2 8 ) , 
* 
TRI-^ 
( h = ( 0 . 5 ) ( 0 . 4 5 2 ) ) - 0 . 0 4 ( 1 . 0 + 0 , 2 4 6 3 ) , 
* 
TRI-_ 
(b = ( 1 . 5 ) ( 0 . 4 5 2 ) ) - 0 . 0 4 ( 1 . 0 + 0 . 0 8 1 1 ) , 
*-
T R I 1 (h - ( 1 . 9 ) ( 0 . 4 5 2 ) ) = 0 . 0 4 ( 1 . 0 + 0 „ 2 0 6 4 ) 0 
INSPECTION INTERVALS FOR MAXIMUM INCOME - CONTINUOUS 
SCREENING AND CHANCE FAILURES 
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T a b l e 1. I n s p e c t i o n I n t e r v a l s f o r Maximum Income , 
C o n t i n u o u s S c r e e n i n g and B = 1.0, Con - 100.0 
A ( f a i l - (0-15) (0.535) (2.0) (5-0) ^ 
u r e s / OL - h - h I n s p e c t i o n . h -h -TRI-, 
A b o u r ) ° ° P ° P i n t e r v a l ° P ° P 1 
(hour s ) ($) (io) ( h o u r s ) {$) {<f>) 
(* ) (*) ( * ) (*) 0.5 l . o 10.0 4.79 0.28 
l . o 1.06 0.65 0.1 14.94. 0.88tt 0.1 10.0 13.38; 0.82!  1.0 17.96J 1.10!; 0.1 18.74* 1.15tT 0.01 10.0 16.68 0.98 1.0 17-30 1.02 0.1 17.37 1-02 0.9 1.0 10.0 4.7  0.28 1.0 1.07 0.65 0.1 14.95 , 0.8,  0.1 10.0 13.35} 0.82|| 
1.0 i7-9TT. i.ioj; 0.1 l8.75r 1.15TT 0.01 10.0 16.74 0.98 1.0 17.40 1.02 0.1 17.47, 1-03H 1.0 1.0 10.0 5-68 ! 0.35'! 1.0 i3.ll! 0.80|{ 0.1 17.89* 1-10II 
0.1 10.0 13-35, 0.82|j 
1.0 17.96] i-ioH 0.1 18.741 0.01 10.0 19.94J 1.22|| 1.0 20.72' 1.27M 0.1 20.80+ 1.27ft 
0.14 0.36 2 .40 89.58 0.064 0.80 5.05 483-84 0.048 161 69; 0.92} 
0.951 
6.57 870.07 0.628 - 48.1.4 0.473 - 86.58 0.454 - 94.12 4.505 1.19 7-3 8.23 4.347 123 7.56 8.95 4.30 1.24 7.59 9.02 0.145 O.36 2.40 89-54 0.064 0.80 5.05 483-65 0.048 1.06 O.69] O.92 + 
O.95 I 
6.56 869.72 0.632 - 47.95 0.474 - 86.23 O.456 - 93.74 4.683 1.19 7.36 7.8 4.515 124 7.60 8.57 4.497 1.24, 0.30! 0.69; 0.89* 0.69 J 0.92J 
0.96 1.02; 1.06* 
7.63 8.64 0.145 - 89-53 064 - 483-60 0.047 - 869-64 0.63 - 47.90 0.475 - 86.14 O.456 - 93-64 4.731 - 7-79 4.560 - 8.47 4.542 1.06* - 8.5 
K The d i s c u s s i o n a t t h e b e g i n n i n g of t h i s Appendix e x p l a i n s t h e 
meaning o f t h e numbers i n t h i s co lumn. 
t h = (0.l)h 
v ' op t  1 1 n = (0.5)h v op 
J h = (l-9)h 
^ J 1 op 
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Tab le 2. I n s p e c t i o n I n t e r v a l s f o r Maximum Income, 
C o n t i n u o u s S c r e e n i n g and B - 1.0, 
C Q n - 500.0 
M f a i l ­
u r e s / 




























10.0 1.0 0.1 
10.0 1.0 0.1 






































































I n s p e c t i o n 
I n t e r v a l 









0 . 6 4 3 
6 . O 9 8 
5 . 9 1 8 5 . 9 0 0 
0 . 2 0 2 
0.090 
0 . 0 6 8 
0 . 8 9 0 
0 . 6 7 4 
0 . 6 4 8 
6 . 5 6 2 
6 . 3 6 0 
6.339 
0 . 2 0 3 
0.090 
0 . 0 6 7 
0 . 8 9 3 
0.676 
0 . 6 4 9 6.696 
6 . 4 8 6 







1.51 1.00 1.32 
1.37 1.89 







1.37 1.93 1.99 
1.99 
0.44 














3-53 7.13 9.14. 
2.711 3.52J 
3-664-






















4 . 1 2 
4.15 
44.44 
238.27 426.53 23.41 41.91 45.52 3.45 3.74 3.78 44.44 238.23 426.44 23.36 41.82 45 .43 3.56 3»65 3.68 
K 'The d i s c u s s i o n a t t h e b e g i n n i n g o f t h i s Append ix e x p l a i n s t h e 
meaning of t h e numbers i n t h i s co lumn. 
h .= (0.l)h op 
h = (0.5)h 
TRF_. 
op 
h = ( l . 9 )h op 
h - (2.8)h op 
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T a b l e 3. I n s p e c t i o n I n t e r v a l s f o r Maximum Income , 
Con t inuous S c r e e n i n g and B = 1.0, 
c g l = 100.0 
A( f a i l ­
u r e s / a 















































































3.23 { { 
4.10} j 







3 . 2 l T { 
4 . 1 2 { t 




I . 2 7 ; ; 
2 .74 } } 
3-65 i X 
3-2l { J 
4 .12 T T 
4 [28+ t 
23 .85H 
23 .78 | t 
23.77I I 
I n s p e c t i o n 
I n t e r v a l 

















































































































K 'The d i s c u s s i o n a t t h e b e g i n n i n g o f t h i s Append ix e x p l a i n s t h e 
meaning of t h e numbers i n t h i s co lumn. 
^ h = ( 0 . l ) h 
! v op 
t t 
1 -l<- h = (0.5)h 
v ' ' op 
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Tab le 4 . I n s p e c t i o n I n t e r v a l s f o r Maximum Income, 
Con t inuous S c r e e n i n g and B = 1.0, 
C_. = 10,0 
A 
A ( f a i l ­
u r e s / 








I n s p e c t i o n 








X h o u r s ) 
d) " do) ( h o u r s ) ' ( * ) 
(*•) (*) (*) (*) 
1.0 10.0 53*86 4 . 5 0 0 . 8 8 8.40 35.70 0.62 
1.0 8 7 . 3 1 7.01 0.61 11.38 41.39 2.93 
0.1 112 . 3 9 8.73 ' 0.52 13.O8 4 4.30 4.80 
0.1 10.0 897 . 8 3 7 2 . 6 3 3-62 122 .46 472.39 -0.05 
1.0 936.41 73-57 3.67 113.37 395.65 -0.08 
0.1 944 .14 73.78 3.68 1.11.80 383.87 -0.09 
0.01 10.0 40.95 3.32 1.4,11 5.71 22.78 -O.50 
1.0 40.21 3.25 14 .42 5*53 21.76 -0.54 
0.1 4 0 . 1 3 3 . 2 4 14.46 5.5-1 21.65 -0.54 
1.0 10.0 5 2 . 9 6 4.48 0 .93 8.60 37.22 0.60 
1.0 8 7 . 3 3 7.02 0 .64 I I.50 41.95 2.80 
0.1 I . I 3 . 2 3 8 . 8 0 O.54 1.3.19 44.66 4.58 
0.1 1.0.0 182 .84 14 . 8 5 4.42 25.32 98 . 48 -0.20 
1.0 1 8 0 . 9 8 14.13 4.76 21.39 73-35 -0 .33 
0.1 180 . 5 9 14.00 4.84 20.70 69.51 -O.35 
0.01 10.0 1 3 - 9 2 1.11 25.51 1.82 6.81 -0.80 
1.0 1 2 . 3 3 0.97 28.89 I.52 5.44 -0.86 
0.1 1 2 . 1 4 O.95 29.34 I.49 5.28 -0.87 
1.0 10.0 5 2 . 7 0 4.47 0.94 8.66 37-65 0.59 
1.0 8 7 . 4 4 7.04 O.65 11.53 42 . 1 1 2 . 77 
0.1 1 1 3 . 4 3 8.81 O . 5 5 13.22 4 4.76 4.52 
0.1 10.0 145.96 11.89 4.70 20.45 79.94 -0 .23 
1.0 1 4 1.47 11.05 5 .20 16.72 57.30 -0.38 
0.1 1 4 0 . 5 1 10.87 5.30 16 .06 53-85 -0.41 
0.01 10.0 8.84 0.70 36.91 1.1.3. 4.18 -O.87 
1.0 6.49 0.50 50.41 0.65| _ -O.93 
0.1 6 . 1 8 0.47 52 . 88 0.6l T _ «0.94 
The d i s c u s s i o n a t t h e b e g i n n i n g of t h i s Appendix e x p l a i n s t h e 
meaning of t h e numbers i n t h i s co lumn. 
h = (1 . 9 ) h v ' ' op 
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T a b l e 5- I n s p e c t i o n I n t e r v a l s f o r Maximum Income, 
Con t inuous S c r e e n i n g and B * 0*01, 
C « 100.0 
A ( f a i l ­
u r e s / 
A hourJ (0.15) (0.535) a h op 









( h o u r s ) T?T (*) 10.0 1.0 0.1 10.0 1.0 0.1 10.0 1.0 0.1 10.0 1.0 0.1 10.0 1.0 0.1 10.0 1.0 0.1 10.0 0.~T 10.0 1.0 0.1 10.0 1.0 0.1 
0.46 1.07 
l-47t 1.30! 1.74} 1.81' 1.61 
1.67 1.68 0.46 1.07 l.47 + 1.28} 1.72' l.82t 1.62 1.68 1.69, 
0531.5J781
l.73|1.81J 1.92} 2.00} 2.02T 
•h 
op 
(*) 0.02 0.06 0.08.4. 0.08J 0.10 j 
0.1  1 
0.09 
0.09 0.10 0.02 0.06 0.08 0.07 f0.10 0.1t 0.09 0.10 0.10-
0.03U 0.07 rT o.itT 
0.081 t 
o.iof 




I n s p e c t i o n <h 
I n t e r v a l op (5.0) 
°h 
op 
-TBI 1 Tnours)' ~WT~ ~Wf 0.0147 O.O63 
0.0046 0.0616 0.0457 0.0439 0.449 0.428 0.4272 
0.0147 0.Q063 0.046 0.062 0.0463 0.0439 0.4626 0.45 0.436 0.0150 0.064 
0.0046 0.0616 0.0463 
0.0439 0.4625 0.473 0.457 
(* ) 0.03 0.07 0.10+ 0.06} 





0.11 0.12 0.12* 0-03| 0.07+ 
0 . 0 8 1 
0.06 0.09 0.10 0.10 10
(*) 
0.2  ' 90.74 0.50 498.17 0.67 904.76 - 49-59 - 90.07 98.07 0.75 8.60 O.78 9.36 O.78 9.4 0.21 90.70 0.50 497.97 0.67 904.40 - 49-40 89.70 - 97-68 0.75 8.23 O.78 8.96 0.79 9.04 - 90.70 497.92 - 904.32 - 49.34 - 89 -61 - 97-60 - 8.14 - 8.87 - 8-95 
(*) 
^ 'The d i s c u s s i o n a t t h e b e g i n n i n g of t h i s Append ix e x p l a i n s t h e 
meaning of t h e numbers i n t h i s co lumn. 
t h = (0.l)h t op h = (0.5)h op 
h = (l-9)h op 
Tab le 6. I n s p e c t i o n I n t e r v a l s f o r Maximum Income, 
Con t inuous S c r e e n i n g and B - 0.01, 
c s l = 50.0-
A( f a i l ­
u r e s / 














( h o u r s ) 
(*) .6 •53 -06 .871 
.60 f 
•54 
.62 •63 .6 •53 .06 +.87j 
.6ot •59 .68 .69 •79} .81*! .8,'t • 51 .60* :i9°t ,2 + 
(*) 
TT 
0.03 0.09 0.12 0.1 0.15 T ' o.i6 t f 0.15 0.15 0.15 0.03 0.09 0.12 tt 0.1ft 5 J J 
0.16 ' I 0.15 0.15 0.15 ft 0.05 o.n ] 0.16 { 0.1  j 0.15 } T 0.16rt 0.19 f | 0.19 [j 
0.20 * ' 
I n s p e c t i o n 
I n t e r v a l 
0.0205 
0.089 0.06 0.0871 O.O65I 0.0632 0.593 O.5807 0.578 0.0207 a.0089 0.06 0.087 0.0657 0.063 0.649 0.6238' 0.6217 
0.0204 O.O89 




(hours ) "~ 
(*) 
0 .04 0.11 0.15 , 0.1.0TJ 
t̂tt 
ttt 
0.130.1.3 0.18 0.19 0.1.9 0.04 0.1 0.1.5t|t 0.09 0.13 2 
O.l^t t t 0.18 0.19 0.19itt 
° ' 0 5 ttt 
O.09" 
o.nM 0-13J 0.l6fj 
op 
-TRI 
(*) 0.31 0.71 O.96 j 0.27 * 





0.4  t 0.45 J 0.45 J 
45.32 
248.63 451.35 24.63 4.72 
48.69 4.06 4.42 4.46 45.28 248.43 451.0  24.43 4.36 48.30 3.70 4.03 4.06 45.28 248.38 450.89 24.39 4.28 48.20 3.61 3.93 3.96 
^ 'The d i s c u s s i o n a t t h e b e g i n n i n g of t h i s Append ix e x p l a i n s t h e 
meaning of t h e numbers i n t h i s co lumn . 
1~h = ( O . l ) h 
t 
op 
h - (0.5)h tth. 
op 
h = (1.9)h op 
h = (2.8)h op 
105 
T a b l e 7* I n s p e c t i o n i n t e r v a l s f o r Maximum Income, 
Con t inuous S c r e e n i n g and B = OoOl, 
C o n = 100.0 
A 
0.5 
A( f a i l ­
u r e s / 

























































































.77T • 1 7 I .411 
.921" 






















O.l l |T 
Q.25}} 







I n s p e c t i o n 











































































































- l .4l 
^ 'The d i s c u s s i o n a t t h e b e g i n n i n g of t h i s Append ix e x p l a i n s t h e 
meaning o f t h e numbers i n t h i s c o l u m n . 
t w h = ( O . l ) h 
t h = 
op 
ttt 
h = (0.5)h 
h = ( l . 9 ) h 
op 




Table 8 . I n s p e c t i o n I n t e r v a l s f o r Maximum Income, 
Con t inuous S c r e e n i n g and B - 0 . 0 1 , 
c s l = 1 0 . 0 
A 
A ( f a i l ­
u r e s / 
h o u r ) 
a 
0 
( 0 . 1 ) 
•h 
op 
( 0 , 5 ) 
•h 
op 
I n s p e c t i o n 
I n t e r v a l 
( 1 . 5 ) 
•h 
op 
( 1 . 9 ) 
op 
•* 
- T R I 1 
( h o u r s ) do) d) ( h o u r s } do) ' (* ) ' 
(*) (*) ( * ) (*) 
1 . 0 1 0 . 0 9 - 5 0 O . 5 8 0 . 0 9 2 0 . 2 0 0 . 5 1 0.84 
1 . 0 1 5 3 0 0 . 9 5 0 . 0 5 7 0 . 3 2 0 . 8 1 4.57 
0 . 1 1 9 . 9 3 1 . - 2 3 0 . 0 4 5 0 . 3 9 1.00 8 . 2 3 
0 . 1 1 0 . 0 5 3 . 9 6 3 . 3 2 O . 3 4 O 1 . 1 0 2 . 8 . 1 0.22 
1 . 0 5 7 . 0 6 3 . 5 0 0 * 3 2 3 1 . 1 5 2 . 9 3 0.40 
0 . 1 5 7 . 6 8 3 . 5 4 0 . 3 2 0 1 . 1 6 2 . 9 6 0 . 4 3 
0 . 0 1 1 0 . 0 1 4 . 6 1 0 . 9 0 1 . 3 3 4 0 . 2 9 0 . 7 6 - O . 3 8 
1 . 0 1 4 . 4 0 0 . 8 8 1 . 3 5 2 0 . 2 9 0 . 7 4 - 0 . 4 1 
0 . 1 1 4 . 3 7 0 . 8 8 1 . 3 5 5 0 . 2 9 0.7^ - 0 . 4 1 
1 . 0 1 0 . 0 9 - 0 1 0 . 5 5 0 . 1 0 1 0.19 0 . 4 8 0 . 8 1 
1 , 0 1 5 . 3 4 O . 9 3 0 . 0 6 0 0 , 3 2 0 . 8 1 4 . 3 8 
0 . 1 2 0 . 0 0 1 . 2 3 0 . 0 4 7 0 . 3 9 1 . 0 1 7.88 
0 . 1 1 0 . 0 3 7 2 . 2 4 2 2 . 9 2 0 . 4 1 7 7<6o 1 9 , 4 1 0 . 0 2 
1 . 0 3 7 8 . 3 6 2 3 . 2 1 0 . 4 1 3 7 . 6 5 1.9 »47 0 . 0 5 
0 . 1 3 7 9 . 4 8 2 3 . 2 6 0 . 4 1 3 7 . 6 7 1 9 . 50 0 . 0 5 
0 . 0 1 1 0 . 0 4 . 2 8 0 . 2 6 2 . 3 3 5 0 * 0 8 G«22 - 0 . 7 4 
1 . 0 3 . 8 8 0 . 2 3 2 . 5 7 6 0 . 0 7 0.20 -0.80 
0 . 1 3 . 8 3 0 . 2 3 2 . 6 0 5 0 . .D7 0*19 -0.81 
1 . 0 1 0 . 0 8 . 9 0 0 - 5 5 0 . 1 0 3 oa8 0.47 0.80 
1 . 0 1 5 . 3 7 O . 9 4 0 . 0 6 1 0 . 3 1 0.80 4 * 3 3 
0 . 1 1 9 . 9 4 1 . 2 2 0 . 0 4 7 0 . 4 0 1 . 0 2 7 . 7 9 
0 . 1 1 0 . 0 4 0 1 . 8 3 2 4 . 7 7 0 . 4 4 8 8.* 2 2 2 . 0 . 9 9 - 0 . 0 2 
1 . 0 4 0 1 . 2 8 2 4 . 6 ^ 0 . 4 5 2 8 - 1 1 2 0 . 6 4 -0 .04 
0 . 1 4 0 1 . 4 6 2 4 . 6 5 O . 4 5 3 8,07 2 0 . 5 4 - 0 . C 4 
0 . 0 1 1 0 . 0 2 . 6 6 0 . 1 6 3 0 4 5 0 . 0 5 0 . 1 3 - 0 . 8 2 
1 . 0 2.05 0 . 1 2 4 . 3 4 3 o.o4 0 . 1 0 - 0 . 9 0 
0 . 1 1 . 9 7 0 . 1 2 4 . 5 1 7 0 o 0 3 0 .10 - O . 9 0 
^ 'The d i s c u s s i o n a t t h e b e g i n n i n g o f t h i s Appendix e x p l a i n s t h e 
meaning of t h e numbers i n t h i s co lumn. 
1 0 7 
A 
0 . 5 
0 . 9 
1 . 0 
Table 9„ Inspection Intervals for Maximum Income 5 
Continuous Screening and B *= OoOOOl, 
C « 1000o0 
A ( f a i l ­ ( 0 . 1 1 5 ) ( 0 . 5 3 5 ) ( 2 . 0 ) ( 5 . 0 ) 
u r e s / a • h °h I n s p e c t i o n •h •h - T R I 1 
h o u r ) 0 op op I n t e r v a l . op op 
( h o u r s ) W) (*) ( h o u r s ) (*) do) 
(*) (*) 
0 . 0 0 J 
0 . 0 0 ! 
o.oo] 
0 . 0 0 ] 
0 . 0 0 T 
(*) 
1 . 0 1 0 . 0 0 . * 0 . 0 0 1 . 4 0 O 0 2 9 O . 8 5 
1 . 0 0 . 0 9 0 . 0 0 0 7 0 . 0 5 4 9 9 . 5 9 
0 . 1 0 . 1 2 0 . 0 0 0 5 0 . 0 1 . 
0 . 0 0 T 
0 . 0 8 9 0 8 , 2 4 
0 . 1 1 0 . 0 - 0 . 0 0 ] 
0 . 0 0 ! 
0 . 0 0 ] 
0 . 0 0 ] 
o.oo] 
0 . 0 0 5 4 4 9 . 7 3 
1 . 0 - 0 . 0 0 4 1 0 . 0 1 9 0 . 4 3 
0 . 1 _ 0 . 0 0 3 9 0 . 0 1 9 8 . 4 9 
0 . 0 1 1 0 . 0 0 . 1 6 0 . 0 4 4 5 0 . 0 1 0 . 0 7 8 . 6 3 
1 . 0 0 . 1 6 0 . 0 4 2 8 0 . 0 1 0 . 0 7 9 - 4 0 
0 . 1 0 . 1 6 0 . 0 0 } 0 . 0 4 2 6 0 . 0 1 , 
0 . 0 0 ] 
0 . 0 0 * 
0 . 0 7 9 . 4 8 
1 . 0 1 0 . 0 o.o4 o.oo] 
0 . 0 0 ] 
0 . 0 0 1 4 0 . 0 2 9 0 . 8 1 
1 . 0 0 . 0 9 0 . 0 0 0 7 0 . 0 5 4 9 9 . 3 9 
0 . 1 0 . 1 2 0 . 0 0 ] 0 . 0 0 0 5 0 . 0 1 0 . 0 8 9 0 7 . 8 8 
0 o l 1 0 . 0 0 . 0 0 ] 
0 * 0 0 * 
0 . 0 0 5 5 0 . 0 1 - 4 9 . 5 4 
1 . 0 - 0 . 0 0 4 2 0 . 0 1 - 9 0 . 0 5 
0 . 1 - 0 . 0 1 
O 0 O 0 ; 
0 . 0 0 3 9 0 . 0 1 - 9 8 . 0 7 
0 . 0 1 1 0 . 0 0 . 1 6 0 . 0 4 6 2 0 . 0 1 0 . 0 7 8 . 2 7 
1 . 0 0 . 1 6 0 . 0 0 F 0 . 0 4 4 5 0 . 0 1 0 . 0 7 9 . 0 0 
0 . 1 0 . 1 . 6 0 . 0 1 0 . 0 4 4 3 0 . 0 1 0 . 0 7 9 . 0 9 
1 . 0 1 0 . 0 
1 . 0 
0 . 1 
- -
0 . 0 0 1 4 
0 . 0 0 0 6 
0 . 0 0 0 5 
- -
9 0 . 8 1 
4 9 9 . 3 0 
9 0 7 . 7 4 
0 . 1 1 0 . 0 
1 . 0 
0 . 1 
- -
0 . 0 0 5 5 
0 . 0 0 4 2 
0 . 0 0 3 9 
- -
4 9 . 4 9 
8 9 . 9 8 
9 7 ° 9 9 
0 . 0 1 1 0 . 0 
1 . 0 
0 . 1 
- - 0.0467 0 . 0 4 5 3 
0 . 0 4 5 2 
- -
8 . 1 8 
8 . 9 1 
8 , 9 9 
^ 'The d i s c u s s i o n a t t h e b e g i n n i n g of t h i s Appendix e x p l a i n s t h e 
meaning o f t h e numbers i n t h i s co lumn, 
t 
1 No change i n t h e f i r s t f o u r d i g e t s . 
1 0 8 
Tah,le 1 0 . I n s p e c t i o n I n t e r v a l s f o r Maximum Income, 
Con t inuous S c r e e n i n g and. B = 0 . 0 0 0 1 , 
c s l - 5 0 0 . 0 
A 
0 . 5 
0 . 9 
1.0 
A ( f a i l ­
u r e s / 
h o u r ) 
1 . 0 
( 0 . 1 1 5 ) 
• h 
op 
( 0 . 5 3 5 ) 
• h 
op 
I n s p e c t i on 
I n t e r v a l 
( 2 . 0 ; 
•h 
op 




0 . 1 
0 . 0 1 
1 . 0 
0 . 1 
0 . 0 1 
1 . 0 
0 . 1 
0 . 0 1 
( h o u r s ) ( # ) 
(*) 
1 0 . 0 
1 . 0 
0 . 1 
1 0 . 0 
1 . 0 
0 . 1 
1 0 . 0 
1 . 0 
0 . 1 
1 0 . 0 
1 . 0 
0 . 1 
1 0 . 0 
1 . 0 
0 . 1 
1 0 . 0 
1 . 0 
0 . 1 
1 0 . 0 
1 . 0 
0 . 1 
1 0 . 0 
1 . 0 
0 . 1 
1 0 . 0 
1 . 0 
0 , 1 
0 . 0 6 
0 . 1 . 6 
0 . 1 9 * 
0 . 1 5 } 
0 . 2 9 ; 
0 . 2 9 T 
0 . 2 5 
0 . 2 6 
0 . 2 6 
0 . 0 6 
0 . 1 6 
0 . 3 . 9 . 
0 . 1 6 
0 . 2 8 1 
0 . 2 8 * 
0 . 2 5 
0 . 2 6 
0 . 2 6 . 
0 . 0 5 } 
0 . 1 7 J 
0 . 2 0 T 
0 . 1 5 J 
0.29I 
0 . 2 9 * 
0 . 2 9 + 
0 . 2 9 } 
0 . 2 9 T 
W) 
(•*) 
0 , 0 0 * 
0 . 0 1 
° - 0 1 * T I 
0 . 0 0 + 
O.OOJ} I 
0 . 0 0 ' ' * 
0 . 0 1 
0 . 0 1 
0 . 0 1 + 
0 . 0 0 * 
0 . 0 1 
O.OLFIT 
0 . 0 0 ! ! + 
0 . 0 1 J 
0 . 0 1 T T 
0 . 0 1 
0 . 0 1 
0 . 0 1 
0 . 0 0 ! 
0 . 0 1 
O . O I 




0 . 0 2 | | 
0 . 0 2 * " 
TT 
"tt 
t t t 
( h o u r s ) 
0.0020 
0 . 0 0 0 8 




0.0599 0.0579 0.0578 0.0020 
0 . 0 0 0 8 
0 . 0 0 0 7 
O.OO83 
0.0048 
0.0043 0.0643 0.0623 0.0620 0.0020 
0 . 0 0 0 8 
0 . 0 0 0 7 
0.0085 








0 . 0 0 * 
0 . 0 1 
0 . 0 2 
0 . 0 4 * * * 
0 .05*"** 
0 . 0 1 
0 . 0 1 
0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 2 
0 .04 . 
0 . 0 5 ' 
0 . 0 1 
0 . 0 1 
0 . 0 1 
0 . 0 1 * 
0.02{JT 
0 0 6 ' 
0 . 0 2 I J T 
O.O?TT 
0 . 0 5 * * T 
0.04**T 
O . O 4 * * * 
;TTT TTT TTT 
do) 
(*) 
0 . 0 3 4 5 . 4 0 
0 . 0 6 2 4 9 . 6 4 
0 . 1 0 4 5 3 . 8 2 
- 2 4 . 7 4 
4 4 . 9 7 
- 4 8 . 9 8 
0 . 1 1 4 . 0 9 
0 . 1 2 4 . 4 5 
0 . 1 2 4 . 4 9 
0 . 0 3 4 5 . 3 6 
0 . 0 6 2 4 9 . 4 4 
0 . 1 0 4 5 3 A 5 
_ 2 4 . 5 4 
4 4 . 6 1 
- 4 8 . 5 8 
0 . 1 2 3 . 7 2 
0 . 1 2 4 . 0 6 
0 . 1 2 4 . 0 9 
_ 4 5 - 3 5 
- 2 4 9 . 3 9 _ 4 5 3 . 3 4 
- 2 4 . 4 9 
- 4 4 . 5 2 _ 48.48 
_ 3 . 6 3 
- 3 - 9 6 
- 3 - 9 9 
k 'The d i s c u s s i o n a t t h e b e g i n n i n g of t h i s Append ix e x p l a i n s t h e 
meaning of t h e numbers i n t h i s co lumn, 
T 
' h _ ( O . l ) h 
v op 
tth = ( 0 . 5 ) h 
v ^ ' op ITTH - ( 2 . 8 ) h 
T 
op 
No change i n t h e f i r s t f o u r d i g e t s . 
1 0 9 
T a b l e 1 1 . I n s p e c t i o n I n t e r v a l s f o r Maximum Income, 
Con t inuous S c r e e n i n g and B - 0 . 0 0 0 1 , 
C 0 1 = 1 0 0 . 0 
A ( f a i l ­
u r e s / 
A h o u r ) a 
0 . 5 1 . 0 
o . i 
o . o i 
0 . 9 1 . 0 
0 . 1 
0 . 0 1 
1 . 0 1 . 0 
0 . 1 
0 . 0 1 
( 0 . 1 1 5 ) 
°h 
op 
(hou r s ] " ~ ~ T f Y 
(*) 
1 0 . 0 
1 . 0 
0 . 1 
1 0 . 0 
1 . 0 
0 . 1 
1 0 . 0 
1 . 0 
0 . 1 . 
1 0 . 0 
1 . 0 
0 . 1 . 
1 0 . 0 
1 . 0 
0 . 1 
1 0 . 0 
1 . 0 
0 . 1 
1 0 . 0 
1 . 0 
0 . 1 
1 0 . 0 
1 . 0 
0 . 1 
1 0 . 0 
1 . 0 
0 . 1 
0 . 1 5 
0 . 3 6 
0 A 7 , 
0 .46 . 
0 . 5 5 ] 
0 . 5 5 I 
1 . 5 5 
1 . 3 6 
1 . 3 6 
0 . 1 5 
0 . 3 3 
0 . 4 7 . 
0 . 4 3 1 
0 . 5 8 * 
0 . 6 3 J 
5 . 3 . 3 
5 . 3 5 
5 . 3 5 + 
0 . 1 5 ; 
0 . 3 7 J 
0 . 5 0 ; 
0.46T 
0 . 6 L T 
0 . 6 l t 
4 0 4 . 9 8 " 1 " 
4 1 2 . 6 9 I 
4 1 2 . 6 9 " 





0 . 0 2 
0 . 0 2 T F 
0 . 0 2 N 
0 . 0 2 ! ! 
0 . 0 2 ' * 
0 . 0 8 
0 . 0 8 
0 . 0 8 
0 . 0 0 
0 . 0 1 
0 . 0 2 T + 
0 . 0 2 1 1 
O.OO^T 
0 . 0 3 T T 
0 . 3 1 
0 . 3 1 
o . 3 I N F 
0 . 0 0 T T I 
0 . 0 1 * * 
0 . 0 2 ft 
0 . 0 2 T T 
o . 0 3 T T 
0 . 0 3 f t 
2 8 . 9 9 t t 
2 9 . 9 4 J J 
2 9 . 9 4 t t 
I n s p e c t i o n 
I n t e r v a l 
(hours"]""" 
0 . 0 0 4 3 
0 . 0 0 1 9 
0 . 0 0 1 . 4 
0 . 0 1 6 6 
0 . 0 1 4 0 
O . O I 3 7 
0 . 1 . 0 1 2 
0 0.1.002 
0 . 1 0 0 0 
0 . 0 0 4 5 
0 . 0 0 2 0 
0 . 0 0 1 4 
0 . 0 1 6 5 
0 . 0 1 2 5 
0 . 0 1 2 0 
0 . 1 2 9 6 
0 . 1 2 9 2 
0 . 1 2 9 2 
0 . 0 0 4 6 
0 . 0 0 2 0 
0 . 0 0 1 4 
O.OI.58 
0 . 0 1 1 7 
0 . 0 1 1 2 
O . I 3 I 9 
0 . 1 3 1 1 
O . l o l i . 




0 . 0 1 
0 . 0 2 
0 . 0 3 M 
0 . 0 7 1 1 1 
0 , 0 9 TTT 
o . i o t t t 
0 . 0 9 
OolO 
0 . 1 0 
0 . 0 1 
0 . 0 2 
0 . 3 9 
0 . 3 9 
o>02JTT 
0 . 6 7 T T T 
o .o8 t t t 
0 . 0 6 M 
o . o s t t t 
0 . 0 9 ' * ' 
5 8 . 5 8 * * * 
5 9 . 7 I M 
5 9 . 7 1 ' ' * 





0 . 0 7 9 . 0 4 
0 . 1 5 4 9 0 7 0 
0 . 2 1 9 0 . 3 3 
4 . 7 4 
_ 8 . 6 2 
_ 9 . 3 9 
0 . 6 3 0 . 4 - 5 
0 . 6 4 0 . 4 9 
0 . 6 4 0 O 5 0 
0 . 0 7 9 O 0 0 
0 . 0 7 4 9 . 5 0 
0 . 2 1 8 9 . 9 7 
_ 4 . 5 4 
8 . 2 6 
- 9 O 0 C 
2 . 5 0 0 . 0 9 
2 . 5 0 OOLO 
2 . 5 1 0 . 1 0 
_ 9 . 0 0 
4 9 . 4 5 
- 8 9 . 8 8 
- 4 . 4 9 
_ 8 . 1 . 7 
9 . 0 0 
- - 0 . 0 0 1 
- 0 . 0 0 1 
- - 0 . 0 0 1 
The d i s c u s s i o n a t t h e b e g i n n i n g of t h i s Append ix e x p l a i n s t h e 
meaning o f t h e numbers i n t h i s column* 
f =h a (0 .1 . )h TT op h « ( 0 . 5 ) h 
T ! T H _ 
op 
T 
h = ( 2 . 8 ) h . v ' op 
No change i n t h e f i r s t f o u r d i g e t s 
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o — o i l I I i i 1 i i I i I _ j I I I I I I I I I I I i l l 
" w 2 if. (, 8 2 4 6 8 2 4 6 8 Z 4 6 8 I 4 6 8 
0 . 0 0 0 0 1 0 . 0 0 0 1 0 . 0 0 1 0 . 0 1 0 . 1 1.0 
Cost R a t i o B 
F i g u r e . 5 . Optimum I n s p e c t i o n I n t e r v a l s f o r 
Maximum Income - C o n t i n u o u s S c r e e n i n g . 
I l l 
1 0 
0 . 0 2 . 0 4 . 0 6 . 0 8 . 0 1 0 . 0 1 2 . 0 1 4 . 0 1 6 . 0 1 8 . 0 2 0 . 0 
I n s p e c t i o n I n t e r v a l ( h o u r s ) 
F i g u r e 6 . T o t a l R e l e v a n t Income E q u a t i o n -
C o n t i n u o u s S c r e e n i n g and Cost 
R a t i o A = 0 . 9 . 
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APPENDIX G 
INSPECTION INTERVALS FOR MINIMUM 
COST-CONTINUOUS SCREENING AND CHANCE FAILURES 
The T a b l e s In t h i s Appendix g i v e t h e optimum I n s p e c t i o n i n t e r v a l 
(h ) and TRC-. ( h = h ) f o r s e l e c t e d v a l u e s o f t h e c o s t r a t i o s A and B , v o p ' 1 v o p ' ' 
and A. The T a b l e s a l s o c o n t a i n t h e p e r c e n t I n c r e a s e i n TRC^ (and hence 
E ( v ) ) f o r f o u r changes i n h a b o u t For e x a m p l e , i f B - 0 . 0 1 ( s e e 
T a b l e 1 5 ) and A = 0 . 9 0 , A == 0 . 0 1 , t h e n h Q p * 1 . 3 4 6 , TRC* (h = 1 .346) = 
9 1 . 4 9 and 
TRC* ( h = ( 0 . 1 1 5 ) ( 1 . 3 4 6 ) ) = ( 9 1 . 4 9 ) ( l . O + 0 . 0 5 5 3 ) . 
TRC* ( h - ( 0 . 5 3 5 ) ( 1 . 3 4 6 ) ) = ( 9 1 . 4 9 K 1 . O + 0 . 0 0 3 2 ) , 
TRC* (h = ( 2 . 0 ) ( 1 . 3 4 6 ) ) = ( 9 l « 4 9 ) ( 1 . 0 + 0 . 0 0 4 0 ) , 
TRC* (h •-= ( 5 . 0 ) ( 1 . 3 4 6 ) ) * ( 9 1 . 4 9 ) ( 1 « 0 + 0 . 0 2 6 2 ) . 
1 1 3 
Tab le 1 2 . I n s p e c t i o n I n t e r v a l s f o r Minimum C o s t , 
Con t inuous S c r e e n i n g and B = 1 0 0 . 0 
A 
X ( f a i l u r e s / 
f a i l u r e f r e e 
r u n n i n g hour) 
( 0 . 1 ) 
-h 
op 
( 0 . 5 ) 
•h 
op 
I n s p e c t i o n 
I n t e r v a l 
( 2 . 0 ) 
•h 
op 




(*) ' (*) ( h o u r s ) ' ( * ) (*) 
(*) (*) (*) (*) 
0 . 0 0 1 0 . 0 9 8 . 8 8 2 . 7 9 0 . 6 9 O . 5 8 2 . 6 4 1 0 0 . 7 9 
1 . 0 1 5 6 . 1 3 7 . 2 7 4 . 6 2 3 . 4 5 1 6 . 5 7 1 0 5 . 6 2 
0 . 1 2 4 2 . 0 2 1 4 - 3 5 2 4 . 7 8 1 2 . 1 8 6 7 - 1 6 1 3 3 . 9 4 
0 . 0 1 3 2 6 . 0 7 2 0 . 1 0 9 6 . 2 4 1 9 . 9 6 1 2 5 . 5 5 2 5 8 . 0 4 
0 . 0 0 1 3 7 5 . 4 3 2 3 . I . 7 3 1 4 . 9 2 2 3 . 1 7 1 . 4 C T : 2 5 6 8 5 . O 8 
0 . 2 5 1 0 . 0 9 8 . 8 9 2 . 7 9 0 . 6 9 O . 5 8 2 . 6 4 1 . 0 0 . 7 9 
1 . 0 1 5 5 . 9 2 7 . 2 8 4 . 6 3 3 . 4 5 1 6 . 6 0 1 0 5 0 6 3 
0 . 1 2 3 8 . 3 2 1 4 . 2 4 2 5 . 1 1 1 2 . 2 4 6 7 0 6 9 1 3 4 . 5 0 
0 . 0 1 2 9 6 . 7 0 1 8 . 4 3 1 0 0 . 2 6 1 8 . 7 4 1 2 1 . 0 2 2 7 2 . 7 5 
0 . 0 0 1 2 7 0 . 7 5 1 6 . 7 6 3 3 3 = 8 6 1 6 . 9 5 1 1 0 . 6 9 8 9 6 . 7 5 
0 . 5 0 1 0 . 0 9 8 . 9 1 2 . 7 9 O . 6 9 O . 5 8 2 . 6 4 1 0 0 . 7 9 
1 . 0 1 5 5 « 6 9 7 . 2 8 4 . 6 4 3 . 4 6 1 6 . 6 3 1 0 5 . 6 4 
0 . 1 2 3 4 . 7 7 1 . 4 . 1 3 2 5 . 4 4 1 2 . 3 0 6 8 . 2 4 1 3 5 . 0 5 
0 . 0 1 2 7 0 . 7 2 1 6 . 9 7 K 0 4 . 6 5 1 7 . 7 6 1 . 1 7 . 7 6 2 8 7 . 0 9 
0 . 0 0 1 2 0 5 . 9 2 1 2 . 8 0 3 5 6 . 2 7 1 3 . 1 5 8 8 . 2 2 1 , 1 0 6 . 1 3 
0 . 7 0 1 0 . 0 9 8 . 9 2 2 . 7 9 0 . 6 9 0 . 5 8 2 . 6 4 1 0 0 . 7 9 
1 . 0 1 5 5 . 5 0 7 - 2 8 4 . 6 5 3 - 4 6 1 . 6 . 6 6 1 0 5 . 6 5 
0 . 1 2 3 2 . 0 2 1 4 . 0 5 2 5 . 7 1 1 2 . , 3 5 6 8 . 6 9 1 . 3 5 . 4 8 
0 . 0 1 2 5 2 . 0 6 1 5 . 9 5 1 0 8 . 4 4 1 7 . 1 . 2 1 1 6 . 0 0 2 9 8 . 3 0 
0 . 0 0 1 1 6 9 . 2 9 1 0 . 5 7 3 7 7 - 4 0 1 1 . 0 5 7 6 . 2 0 1 , 2 7 . 1 . 7 1 
0 . 8 0 1 0 . 0 9 8 . 9 3 2 . 7 9 0 . 6 9 O . 5 8 2 . 6 4 1 . O O.79 
1 . 0 1 5 5 - 4 3 7 . 2 8 4 . 6 5 3 . 4 6 1 . 6 . 6 7 1 0 5 0 6 5 
0 . 1 2 3 0 . 6 9 1 . 4 . 0 1 2 5 * 8 4 1 2 . 3 8 6 8 . 9 1 1 . 3 5 . 6 9 
0 , 0 1 2 4 3 . 3 6 1 5 . 4 8 1 1 0 . 4 3 1 . 6 . 8 5 1 1 5 . 3 8 3 0 3 . 8 0 
0 . 0 0 1 1 5 4 . 3 0 9 . 6 7 3 8 9 . 2 8 1 0 . 2 1 7 1 = 5 5 1 , 3 5 3 - 7 6 
0 . 9 0 1 0 . 0 9 8 . 9 4 2 . 8 0 0 . 6 9 0 . 5 8 2 . 6 4 I O O.79 
1 . 0 1 5 5 = 3 4 7 . 2 8 4 . 6 6 3 A 7 1 6 . 6 8 1 0 5 - 6 6 
0 . 1 2 2 9 . 3 7 1 3 - 9 8 2 5 . 9 8 1 2 . 4 1 6 9 * 1 5 1 3 5 . 9 0 
0 . 0 1 2 3 5 . 0 6 1 5 . 0 3 13.2 . 4 9 1 . 6 . 6 1 1 1 4 . 9 2 3 0 9 . 2 4 
0 . 0 0 1 1 4 . 1 * 0 0 8 . 8 7 4 0 2 . 1 7 9 - 4 8 6 7 . 6 3 1 , 4 3 5 . 2 8 
0 . 9 5 1 0 . 0 9 8 . 8 2 2 . - 7 9 0 . 6 9 O . 5 8 2 . 6 4 1 0 0 . 7 9 
1 . 0 1 . 5 5 . 2 9 7 - 2 8 4 . 6 6 3 . 4 7 1 6 . 6 8 1 0 5 . 6 6 
0 . 1 2 . 2 8 . 7 2 1 3 . 9 6 2 6 . 0 4 1 2 . 4 2 6 9 . 2 6 1 3 6 . 0 0 
0 . 0 1 2 3 1 . 0 5 1 4 . 8 2 1 1 . 3 . 5 5 1 . 6 . 5 0 1 1 4 . 7 6 3 1 . 1 . 9 4 
0 . 0 0 1 1 3 4 . 8 9 8 . 5 0 4 0 9 . 0 4 9 . 1 5 6 5 . 9 2 1 , 4 7 5 . 8 3 
1 . 0 0 1 0 . 0 9 8 . 8 2 2 . 7 9 O . 6 9 O . 5 8 2 . 6 4 1 0 0 . 7 9 
1 . 0 1 . 5 5 . 2 4 7 . 2 8 4 . 6 6 3 . 4 7 1 6 . 6 9 1 0 5 . 6 6 
. 0 . 1 2 2 8 . 0 8 1 3 . 9 4 2 6 . 1 1 1 2 . 4 4 6 9 . 3 8 1 3 6 . 1 1 
0 . 0 1 2 2 7 - 1 4 1 4 . 6 2 1 1 4 . 6 2 1 6 . 4 0 1 1 4 . 6 3 3 1 4 . 6 2 
0 . 0 0 1 I29 . . I I 8 . 1 5 4 1 6 . 2 2 8 . 8 4 6 4 . 3 6 1 , 4 7 5 . 8 3 
(*)The d i s c u s s i o n a t t h e b e g i n n i n g o f t h i s Append ix e x p l a i n s t h e 
meaning of t h e numbers i n t h i s co lumn. 
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T a b l e 1 3 . I n s p e c t i o n . I n t e r v a l s f o r Minimum C o s t , 
Con t inuous S c r e e n i n g and B - 1 . 0 
A 
A ( f a i l u r e s / 
f a i l u r e f r e e 
r u n n i n g hour) 
( 0 . 1 ) 
• h 
op 
( 0 . 5 ) 
op I n s p e c t i o n I n t e r v a l 
( 1 * 5 ) 
•h 
op 
( 1 . 9 ) 
. h 
op TRC, • X. 
JW (hoursT"" ~rw~~~ If} (*) (* ) (*) 
0 . 0 0 1 0 . 0 2 4 2 . 3 7 1 4.4 . 1 0 . 2 5 4 . 2 4 1 0 . 4 5 1 . 3 4 
1.0 3 2 6 . 1.6 20.1.1 Ov96 6 . 6 6 1 7 . 0 2 2 . 5 8 
0 . 1 3 7 5 . 4 5 2 . 3 . 1 7 5 . 1 5 7.72 19 - 75 6.85 
0 . 0 1 3 9 5 - 1 1 24 .38 1 0 . 0 0 S o 13 20.79 2 0 . 5 1 
0 . 0 0 1 4 0 1 . 8 2 2 4 . 8 0 3 1 . 6 2 8 . 2 6 2 1 . 1 4 6 3 - 7 5 
0 . 2 5 1 0 . 0 2 3 8 . 2 5 1 4 . 2 2 ' 0 . 2 5 4 . 2 8 1 0 . 5 3 1 . 3 4 
1 . 0 2 9 6 . 7 5 1 8 . 4 4 1.00 6 . 2 1 15 096 2 . 7 3 
0 . 1 2 7 0 . 7 2 1 6 . 7 5 3 . 3 4 5 . 6 3 1 . 4 . 4 4 8 . 9 7 
0 . 0 1 1 7 1 . 8 2 1 0 . 6 1 1.0 .66 3 o 4 9 o 0 . Q 4 4 . 2 4 
0 . 0 0 1 7 7 - ! + 4 4 . 7 8 3 3 - 7 8 1 . 5 9 4 c 0 8 3 0 9 . 7 c 
0 . 5 0 1 0 . 0 2 3 5 . 0 0 1.4.1.6 
0 2^ 4 . 2 7 1 0 . 5 5 1 . 3 5 1.0 2 7 0 . 7 4 I 6 . 9 8 . 1 . Up 5.84 1 5 . 1 0 2 . 8 7 
0 . 1 2 0 5 . 9 0 1.2 .80 3 ^ 5 6 4 . 3 4 1 1 . 1 9 1 1 . 0 6 
0 . 0 1 i o 4 . l i 6 . 4 4 1 1 . 4 7 2 . 1 6 5 . 5 4 6 7 . 9 0 
0.0Q1 4 0 . 0 3 2 . 4 7 36 , 4 4 0 . 8 2 2 . 1 1 5 5 5 . 3 3 
0.70 1 0 . 0 2 3 . 1 . 8 2 14.02 0 . 2 6 4 . 3 1 1 0 . 6 4 1 - 3 5 
1 . 0 2 5 2 . 0 9 1 5 - 9 5 1 . 0 8 5 .59 1 4 . 5 4 2 . 9 8 
0 . 1 1 6 9 . 2 8 1 0 . 5 7 3 0 7 " 7 3 . 6 3 9 . 3 9 12.72 
0 . 0 1 7 6 . 2 5 4 . 7 2 1.2 . 2 6 1 . 5 9 4 . 0 9 8 6 . 7 2 
0 . 0 0 1 2 7 . 5 3 1 . 7 0 3 9 * 0 8 0 , 5 7 7'-.l . 6 0 
0 . 8 0 1 0 . 0 2 3 0 0 6 1 1 4 . 0 0 0 , 2 6 4 3 1 10.65 1 . 3 6 
1 . 0 2 4 3 . 3 3 1 5 . 4 7 1 . 1 0 5 « 4 9 1 4 . 3 1 3 * 04 
0 . 1 1 5 4 . 3 1 9 . 6 7 3 - 8 9 3 . 3 4 8 . 6 7 1 3 . ; ^ 
0 . 0 1 6 6 . 3 3 4 . 1 1 12 .72 1 . 3 9 5 .57 96 . ,11 
0 . 0 0 1 2 3 . 4 7 1 . 4 5 4 0 . 6 4 0 . 4 8 1.24 8 4 9 . 6 0 
0 . 9 0 1 0 . 0 2 2 9 . 4 2 . 1 3 . 9 8 0 . 2 6 4 *31 10 ,66 1 . 3 6 
1 . 0 2 3 4 . 9 9 1 5 . 0 2 1 . 1 2 5 - 3 9 1 4 . 1 0 3->09 
0 . 1 1 4 1 , 0 0 8 . 8 6 4 . 0 2 3 . 0 9 6 . 0 5 1 4 . 3 5 
0 . 0 1 5 8 . 1 1 3 . 6 1 1 3 . 2 4 1 * 2 2 3 - 1 5 105 »:50 
0 . 0 0 1 2 0 . 1 7 1.24 4 2 . 3 9 0 . 4 1 1 . 0 7 9 4 7 . 5 4 
0 . 9 5 1 0 . 0 2 2 8 . 8 3 1.3 0 9 8 0 . 2 6 4 . 3 0 1 0 . 6 6 1 . 3 6 
1.0 2 3 1 . 0 3 1 4 . 8 2 1 . 1 4 5 . 3 4 1 4 . 0 0 3«12 
0 , 1 1 3 4 . 9 c 4 . 0 9 2 . 9 7 7 - ^ 6 1 4 , 8 0 
0 . 0 1 5 4 . 5 0 * 3 - 3 9 1 3 - 5 2 1 . 1 5 2 . 9 6 110 ,20 
0 . 0 0 1 1 8 * 7 6 . 1 . 1 . 6 4 3 . 3 6 O . 3 8 1 4 0 0 9 9 6 , 5 0 
1.00 1.0.0 228.25 1 3 - 9 7 0 . 2 6 4 . 3 0 1 0 . 6 7 1 * 3 6 
1.0 2 2 7 . 2 0 1 4 . 6 2 1 . 1 4 5 . 2 9 1 3 . 8 9 3 . 1 5 
0 . 1 1 2 9 . 1 1 8 . 1 5 4 . 1 6 2 .87 7 * 5 0 l . 5 o l 6 
0 . 0 1 5 1 . 1 7 3 . I 8 1 3 . 8 2 1 . 0 8 2 . 7 9 114,82 
0 . 0 0 1 1 7 . 4 6 1.08 4 4 . 3 9 0 * 3 6 0 . 9 3 1 ,045.40 
^ ' ' T h e d i s c u s s i o n a t t h e beg.inn.ing o f t h i s Appendix e x p l a i n s t h e 
meaning of t h e numbers i n t h i s co lumn. 
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T a b l e 1.4. I n s p e c t i o n I n t e r v a l s f o r Minimum C o s t , 
Con t inuous S c r e e n i n g and B =. 0 . 1 . 
A ( f a i l u r e s j 
(0.1) (0.5) (1.5) ( 1=9) 
f a i l u r e f r e e °h I n s p e c t i o n » h 0 h 
A r u n n i n g hours) o p o p I n t e r v a l o p c p IRC^ 
(*) ( h o u r s ) 
(*) (*) ( * ) (•*) 
0.00 1 0 . 0 526.53 2 0 . 1 7 0.10 6063 16.96 0.26 
1 . 0 375*85 23.23 0.31 7.68 1.9.69 0.69 
0 . 1 395.19 2 4 . 4 0 1 . 0 0 8 012 20.78 2 . 0 5 
0.01 4 0 1 * 8 5 2 4 . 8 0 3.16 8.26 2.1.1.4 6»37 
0.001 403.97 24.93 1 0 . 0 0 8 0 1 2.10.26 2 0 . 0 5 
0 . 2 5 1 0 . 0 2 9 6 . 2 0 I8.35 0.10 6.26 16 0 0 4 O.27 
1 . 0 270.45 16.7-1 0.33 5 .65 l i t . 4 8 0»90 
0 . 1 171.79 10.61 I.06 3-55 9 = 0 8 4.42 
0.01 77.43 4.78 3 . 3 8 1.59 4.08 30-97 
0.001 2 8 . 2 0 1,74 10.69 0.58 1. .48 268.76 
0.50 1 0 . 0 270 .64 1.6.96 0 . 1 0 5=85 IS 012 0.29 
1 . 0 206.01 12.81 0.36 4.33 1.1.18 1 . 1 1 
0.1 104.13 6.44 1.15 2.15 5»53 6.79 
0.01 40.03 2.47 3 o-64 O 0 8 2 2 . 1 . 1 . 55*53 
0.001 13=57 O.83 I.I.54 0.27 0.71 5 1 7 0 8 
0.70 1 0 . 0 252.35 16.00 0.11. 5-57 1.4 . 5 0 0.30 
.1.0 169.23 1.0.57 0.38 3o63 9 . 4 0 1.27 
0 . 1 76.27 4.73 1.23 1.59 4.0 6 8.67 
0.01 27-58 1.70 3.91 0.57 1.46 75.16 
0.001 9.12 0.56 1.2.39 0. .18 0.48 716 a I8 
0.80 10.0 244 B07 1.5.59 e l l 5 .42 1.4.19 0.50 
1 . 0 154.38 9.68 0.39 3 »33 8*66 1 = 35 
0 . 1 66.33 4 . 1 1 1.28 1-59 3.57 9-61 
0.01 2 3 . 4 6 1.45 4.06 0 . 4 8 l „ 2 4 8 4 . 9 6 
0.001 7 = 70 0.47 12.89 0.15 0 . 4 0 815 °55 
0.90 1 0 . 0 234.76 15.00 0.11 5 . 4 1 1 4 . 1 4 0,31 
1 . 0 l 4 l . l l . 8.88 0 . 4 0 3 . C 6 8.03 1.44 
0 . 1 5 8 . 1 2 3.61 1.32 1 . 2 2 3.15 1 0 , 5 5 
0.01 20.17 1.24 4.24 0.4 .1 1.07 94.75 
0.001 6.57 0»4o 13.46 0.13 O.34 9.I.4.90 
0.95 10.0 230.35 14.71 0 . 1 1 5 , 4 i 1.4 „ . l l . 0.31 
1.0 1-34.81 8.4-9 0.4 .1 2.98 7.77 1 . 4 8 
0 . 1 54.51 3*39 1*35 1.15 2<>96 1.1.02 
0.01 18.76 1..16 4.34 0.38 1 . 0 0 99=65 
0.001 6.09 0.37 13.77 0.12 O.32 964.56 
1.00 10.0 227.56 1 4 . 6 8 0 . 1 1 5.25 13.83 0.31 
1.0 129.21 8.17 0.42 2.86 7 . 4 8 1 . 5 2 
0 . 1 . 51.17 3.18 1.38 1.08 2.79 1 1 . 4 8 
0.01 17=46 1 . 0 8 4.44 O.36 0.95 104.54 
0.001 5.66 O.35 1 4 . 1 1 0 . 1 1 0.29 1,014.21 
( * ) l h e d i s c u s s i o n a t t h e b e g i n n i n g o f t h i s Append ix e x p l a i n s t h e 
meaning of t h e numbers i n t h i s co lumn. 
T a b l e 1 5 . I n s p e c t i o n I n t e r v a l s f o r Minimum C o s t , 
Con t inuous S c r e e n i n g and B « 0 . 0 1 
A 
A ( f a i l u r e s / - ( 0 . 1 1 5 ) ( 0 - 5 3 5 ) ( 2 O 0 ) ( 5 . 0 ) 
f a i l u r e s f r e e °h °h I n s p e c t i o n °h D h 
r u n n i n g hou r ) ° P o p I n t e r v a l op op TRC-
0 . 0 0 
0 * 2 5 
0 . 5 0 
0 . 7 0 
0 . 8 0 
9 0 
9 5 
1 0 0 
1 0 . 0 
1 . 0 
0 . 1 . 
0 * 0 1 
0 . 0 0 1 
1 0 , 0 
1 . 0 
0 . 1 
0 . 0 1 
0 . 0 0 1 
1 0 . 0 
1 . 0 
0 . 1 
0 * 0 1 
0 . 0 0 1 
1 0 . 0 
1 , 0 
0 . 1 . 
0 . 0 1 
0 . 0 0 1 
1 0 . 0 
1 . 0 
0. .1 
0 . 0 1 
0 . 0 0 1 
1 0 . 0 
1 . 0 
0 . 1 
0 . 0 1 
0 . 0 0 1 
1 0 . 0 
1 . 0 
0 . 1 
0 . 0 1 . 
0 . 0 0 1 
1 0 . 0 
1 . 0 
0 . .1 
0 . 0 1 
0 . 0 0 1 . 
(* ) 
3 1 5 M 
3 3 1 - 9 6 
3 3 7 . 8 2 
3 3 9 068 
3 4 0 , 2 5 
2 2 8 . 0 7 
1 .44 ,47 
6 5 . 1 1 
2 3 . 7 1 
7 . 8 7 
1 7 3 . 1 8 
8 7 - 5 5 
3 3 - 6 5 
1 1 . 4 0 
3 . 6 9 
142 . 2 9 
6 4 . 1 3 
2 3 . 1 9 
7 - 6 7 
2 . 4 6 
1 2 9 . 5 7 
5 5 * 8 0 
1 9 . 7 3 
6 . 4 7 
2 . 0 7 
1 1 8 . 6 8 
4 8 0 8 7 
1.6.96 
5 . 5 3 
1 . 7 6 
1 1 3 . 2 8 
4 5 . 8 6 
1 .5 .77 
5 . 1 2 
1 . 6 3 
1 0 8 . 7 9 
4 3 . 0 3 
1 4 . 6 8 
4 . 7 6 
1 . 5 1 
7?T~ 
(*) 
1 8 . 6 9 
1 9 , 6 7 
2 0 „ 0 4 
2 0 . 1 5 
2 0 . 1 9 
1 3 . 6 1 
8 . 5 8 
3 - 8 6 
1 .40 
0 . 4 6 
1 0 . 3 5 
5 . 2 1 
2 . 0 0 
0 . 6 7 
0 . 2 1 
8 . 5 4 
3 . 8 2 
1 . 3 7 
0 . 4 5 
0 . 1 4 
7 » 7 8 
3 - 3 3 
1 . 1 7 
0 „ 3 8 
0*12 
7 . 1 8 
2 . 9 2 
1 . 0 0 
O.32 
0 . 1 0 
6 . 8 5 
2 . 7 4 
0 . 9 3 
0 . 3 0 
0 . 0 9 
6 . 6 2 
2 . 5 7 
0 * 8 7 
0 . 2 8 
0 . 0 9 
" (hours ) " 
O0O3I 
0 . 1 0 0 
O . 3 I 6 
1 . 0 0 0 
3 . 1 6 2 
0 . 0 3 3 
0 - 1 0 6 
0 . 3 3 8 
1 . 0 6 9 
3 - 5 6 0 
O.036 
0.1.14 
0 . 3 6 5 
U l . 5 4 
3 * 6 5 1 
O.O38 
0 . 1 2 3 
0 - 3 9 1 
1 . 2 3 9 
3 . 9 2 1 
0 . 0 3 9 
0 . 1 2 7 
0 . 4 0 6 
1 . 2 8 9 
4 , 0 8 0 
0 . 0 4 0 
0 . 1 3 2 
0 . 4 2 4 
I . 3 4 6 
4 . 2 6 2 
0 . 0 4 1 
0 . 1 3 5 
0 . 4 3 4 
1 - 3 7 7 
4 , 3 6 1 
0 . 0 4 2 
0 . 1 3 8 
0 . 4 4 4 
1.411. 
4 . 4 6 9 
(* ) 
2 3 , 2 0 
2 4 . 4 3 
2 . 4 . 8 0 
2 4 . 9 3 
2 4 . 9 8 
1 6 0 8 8 
1.0.65 
4 . 7 8 
1 . 7 4 
C . 5 7 
1 3 . 1 5 
6 . 5 O 
2 * 4 8 
0 . 8 3 
0 . 2 7 
1 1 . 0 7 
4 . 8 0 
I . 7 . I 
O.56 
0 . 1 8 
1 0 . 2 5 
4 . 1 9 
1 . 4 6 
0 . 4 7 
0 . 1 5 
9 . 4 7 
3 . 7 0 
1 . 2 5 
0 . 4 0 
0 . 1 2 
9 . 1 9 
3 , 4 8 
1 . 1 7 
0 - 3 7 
0*12 
8 . 8 1 
3 , 2 9 
1 . 0 9 
0 . . 3 5 
0 . 1 1 
1 4 8 , 3 7 
156 .24 ' 
1 5 8 . 7 6 
1 5 9 . 5 9 
1 5 9 . 8 7 
1 1 0 . 4 6 
6 8 . 7 1 
3 0 . 7 1 
1 1 . 1 5 
3 - 7 C 
8 8 . 2 3 
4 2 . 3 8 
1 5 , 9 7 
5 »37 
1 . 7 3 
7 6 . 2 8 
3 1 . 6 9 
1 1 * 0 8 
3 » 6 2 
1 . 1 5 
7 1 . 7 2 
2 7 - 9 3 
9 . 4 7 
3 . 0 6 
0 . 9 7 
6 7 . 6 0 
2 4 . 8 8 
8 . I .9 
2 . 6 2 
0 , 8 3 
6 6 . 0 9 
2 3 * 5 4 
7 .64 
2 . 4 3 
0 . 7 7 
6 4 . 2 5 
2 2 . 3 6 
7.1.4 
2 . 2 6 
0 . 7 1 
0 . Q 7 
C.2Q 
0.64 
2 . 0 0 
6 . 3 3 
0 . 0 9 
6 . 4 4 
3 . 1 0 
2 6 . 8 8 
2 5 7 , 9 2 
0 . 1 1 
0 . 6 8 
5 * 5 5 
5 1 . 7 4 
5 0 5 . 4 8 
0 . 1 3 
0 .87 
7 ^ 5 2 
7 1 . 0 6 2 
7 0 5 * 1 0 
0 . 1 4 
O.96 
8 . 5 0 
8 1 . 5 6 
8 0 4 , 9 0 
0 . 1 4 
l a 0 5 
9 . 4 8 
9 1 . 4 9 
9 0 4 . 7 0 
0 . 1 5 
1 . 1 0 
9 . 9 6 
9 6 . 4 6 
9 5 4 . 5 9 
0 . 1 5 
1 . 1 5 
1 0 . 4 5 
1 0 1 . 4 2 
1 , 0 0 4 . 4 8 
" ~ " (*\— 
^ 'The 
meaning o f t h e 
d i s c u s s i o n a t t h e b e g i n n i n g of 
numbers i n t h i s column.. 
t h i s Append ix e x p l a i n s t h e 
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Tab le 16. .'Iri.8pec.tion I n t e r v a l s f o r Minimum C o s t , 
Con t inuous S c r e e n ing and B 0.CC.1 
A( f a i l u r e s / 
f a i l u r e f r e e 
A r u n n i n g hour) 
0.00 10.0 1.0 0.1 0.01 0.001 0.25 10.0 1.0 0.1 0.01 0.001 0.50 1.0.0 1.0 0.1 0.01 0.001 0.70 10.0 1.0 0.1 0.01 0.001 0.80 10.0 1.0 0.1 0.01 0.00.1 0.90 10.0 1.0 0.1 0.0.1 0.001. 
0.95 10.0 1.0 • 0.1 0.01 0.001 1.00 10.0 1.0 0.1 0.01 0.001 
(0.115) (0.535) •h 
op 
(*) 
332.28 337.31 339.59 
340.2.4 
340 c45 





63.98 23.15 7.68 2.46 0.78 55-68 1.9.72 6.48 2.07 0.65 49.05 
1 7 . 0 0 






19.96 20.14 20.18 20.20 8.72 
3.8S 1.4 c 0.46 0.1.5 5.13 
2.00 
0.67 0.21 0.06 3-80 I.37 0.45 o.i4 0.04 3.31 1.1.7 0*38 0.12 0.03 2.94 1.01 0.32 0. .1.0 0.03 2.75 0.93 0.30 0.Q9 0.03 2.58 0.87 0.2.8 0.09 0.02 
I n s p e c t i o n 
I n t e r v a l 
0.01.0 O.O3.2 0.100 O.3.I6 1 o 000 6.011 0.034 0.107 0.338 .1,069 0.011 0.036 0 c II5 0.365 : .1.54 0 c 012 0., 059 0.1.24 0.592 1 .240 0.015 0*04.1. 0.129 0.4.08 1.29.1 0.013 
0.04-2 0.155 0.426 1.548 0.014 0.04-5 




24.58 2.4.89 24.95 24.98 24.99 I.O.49 4.79 I.74 O.57 0,. 18 6.59 2.47 0.83 0.27 0o08 4.82 .1.72. 0,56 0.1.8 0.05 4.21 1.46 0.4-7 0.15 o«04 3.6f7 .1.25 0.40 0o].2 0.0!+ 3.47 1. IT 0„57 0.12 0.03 3.28 1.08 0.35 0.11 0.05 
(5.0) 
op 
156,06 159.04 159.65 I.59088 159-95 68.18 30.74 . I.I..15 3 - 70 .1,1.8 42.68 15 .94 5° 37 • 1.75 0.55 31*78 
Ho 10 3.62 1 .15 O.56 28.01 9.12 3*96 0.97 0.50 24.77 8.17 2.62 O.-85 0.2.6 
2302 7.65 2.45 0.77 0o24 22.34 7.13 2.26 Co 71. 0.22 
0102 .̂06 0.20 O063 2.. 00 0.40 0.31 2.69 25 .59 251.87 0.07 Oo56 .5 • 17 
50.r5 501*73 0.09 
0*75 
7ol6 
7Q c 51 701.61 0.10 0o85 8,1.6 80.49 801.55 0.10 0.95 9.15 90.47 901.48 0.1.1 1.00 9o64 95 o46 951.45 0,1.1 1.04 1.0.14 100.4-5 ,001.4.1 
The d i s c u s s i o n a t t h e b e g i n n i n g o f t h i s Append ix e x p l a i n s t h e 
meaning of t h e numbers i n t h i s column* 
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Tab le YJ* I n s p e c t i o n I n t e r v a l s f o r Minimum Costj, 
Con t inuous S c r e e n i n g .and B =. 0.0001. 
A ( f a i l u r e s / 
f a i l u r e f r e e 










































• h op op 
I n s p e c t i o n 












































































































































































































C 0 76 
0.24 














































(*)r The d i s c u s s i o n a t t h e b e g i n n i n g o f t h i s Append ix e x p l a i n s t h e 
mean .ing of t h e numbers i n t h i s column.. 
( * * ) N O change i n t h e f i r s t s i x p l a c e s . 
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Tab le 1 8 . I n s p e c t i o n I n t e r v a l s f o r Minimum C o s t , 
Con t inuous S c r e e n i n g and 3 = 0 . 0 0 0 0 1 
A ( f a i l u r e s / ( O . l l l j ) ( 0 . 5 3 5 ) 
A 
f a i l u r e f r e e 
r u n n i n g hour) 
°h 
op op 
I n s p e c t i o n 
I n t e r v a l 
(2 . 0 ; 
»h 
op TRC: 
(i) fhour s ) "~ ( * ) (*) :*) (*•} 
0 . 0 0 10.0 343.19 2 0 . 7 0 0.0010 2 4 . 3 2 157.63 C. 002 
1.0 344.92 2 0 . 9 1 0.0031 2 4 .16 157.26 C.0C6 
0.1 3 4 0.68 2 0 . 2 3 0.0100 24.95 159.82 0.02 
0.01 339.97 2 0 . 1 2 0.031.7 25 . 0 9 1.60.28 O.C6 
0.001 340.43 20.19 0.1,000 2 5 . 0 1 1.60.04 0.20 
0.25 1 0 . 0 21 . 7 1 . 1.09 0.00.11 2 . 1 0 12.0 32 0.03 
1.0 7 . 7 1 0.44 0.0034 0.60 3*78 0.26 
0OL 2 . 50 0.1.4 0.0108 Go 1 8 10.19 2.52 
OoOl 0.80 0 . 0 4 0.0338 0.05 0.37 25 .06 
0.001 0„25 0.0.1 0.1069 0.01 0.1.1. 250.19 
0.50 1 0 . 0 11.52 0.69 0,0011 0.81 5O31 0 . 0 5 
1.0 3-77 0.23 0.0036 Go 2 5 1.68 0.50 
0.1. 1.17 0.07 Q. OII.3 Oo 0 8 0.55 5 .02 
0.01 0.37 0.02 0.0365 0.02 0 „ 17 5 0 . 0 C 
0.00.1 0 . 1 1 0.00(**) 0.1154 0 .00(**) 0.05 500.19 
0 . 7 0 1.0.0 7.24 0.38 0.0013 0 . 6 4 3.88 0 0 07 
1.0 2 . 4 8 0 . 1 4 0.0039 0.17 1.1,4 0.70 
0 . 1 0.78 0 . 0 4 0.0124 0.05 C.36 7.02 
0.0.1 0.24 0.01 0.0393 Q 0 01. 0.11 70.05 
0.001 0.07 O.-GG(**) 0 . 1 2 4 0 0.00(**) 0,03 7 0 C o.16 
0 . 8 0 10.0 6 - 4 2 0.37' 0.0013 0 . 4 8 3O09 0.08 
1.0 2.09 0.12 0 . 0C40 0 . 1 4 O.96 0OB0 
0 . 1 0.65 0.03 0.0129 0 . 0 4 0.30 8.02 
0 . 0 1 0.2B 0.01. 0.0408 0 a 01. 0.09 80.05 
0.001 0.06 0.00(-**) 0.1290 o.oe{*-*} 0.03 8 0 0 0 15 
0.90 1 0 . 0 5.79 O.36 0.0013 0.36 2 . 4 7 0.09 
1.0 1.80 0.11 0.0042 0.12 0.81. 0.90 
0.1. 0.55 0.03 O.OI.35 0.04 0.26 9.0.1 
0.01 0.1.7 0.0.1 ,0426 0.01 0.08 90.05 
0.00.1 0.05 0 „ OQf 0.1348 OoQO;**) 0.02 900.15 
0.95 1 0 . 0 4.80 0.2.5' 0 . 0014 0.43' 2.62 C I O 
1.0 1 . 6 4 0.09 0 . 0 0 4 3 0.11 O 0 7 6 0.95 
0 . 1 0.51 0.03 C O I 3 8 Co 0 3 0.24 9.31 
0.01 0.1.6 0.00(**) 0 . 0 4 3 7 0.01 0 O 0 7 95,04 
0.001 0.05 0.00(**) 0*1380 0.QC(* *) 0.02 950.14 
1.00 1 0 . 0 4.60 0.25 0 . 0014 0.37 2.35 OolO 
.1.0 1.50 0.08 0 . 0 0 4 5 0.11. 0.72 1.00 
0 . 1 0 . 4 8 0 . 0 2 0.01.41 0.03 0.22 1.0.01 
0.01 0.15 0.Q0(**) 0.0448 0.0 01 C.07 1QC*04 
0.001 o.o4 Q.QO(**) 0.L4L4 0.00(** ) 0.02. 1,000.14 
\ ^The d i s c u s s i o n a t t h e b e g i n n i n g of 
meaning of t h e numbers i n t h i s co lumn. 
'No change i n t h e f i r s t s i x p l a c e s . 
t h i s Append ix e x p l a i n s t h e 
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I a b l e 19. I n s p e c t i o n I n t e r v a l s f o r Minimum. Cost 
Con t inuous S c r e e n i n g and B ~ Co000001 
A( f a i l u r e s / ( O 0 I I 5 ) (0.533) ( 2 . 0 ) (5*0) 
f a i l u r e f r e e *h °h I n s p e c t i o n °h »h 
A r u n n i n g h o u r ) op I n t e r v a l op op 7RC I 
h o u r s ; ($) (ft) 
(* ) (*) (*) 
0o00 1 0 . 0 260.78 7,83 0 .0004 3 8 . 8 7 204.33 0 . 9 0 3 
1.0 543.96 20.75 0.0010 2.4.37 1 5 7 . 9 8 0.002 
0.1 345 -1.7 2 0 . 9 3 0.0031 24.18 157.37 0.006 
0 . 0 1 340»75 2 0 . 2 4 000100 24.95 159.86 0.02 
OoGCl 3 4 0 . 0 0 20.12 0.0317 25.09 1.6°. 29 e „ 'v-
0.25 1 . 0 . 0 6 070. 0.28 5.QOO4 0.79 a°39 0 0 02 
1.0 2.31 0 . 1 1 0 . 0 0 1 1 ^ . 2 2 1.31 0. 2 U 
0 . 1 0 . 7 8 C.04 O.0034 0.06' O.38 2.50 0 . 0 1 O.25 Go 01 0.0108 0.01. 0 ,12 0- ,. 02 
0 . 0 0 1 0 . 0 8 0.0538 O.OO(*-*) C.03 25Oo06 
0.50 10.0 3.18 0 . 1 8 0 0 0004 0.30 1.8^ 0o0r 
1.0 1*18 O.07 0 . 0 0 1 1 D.08 0.54 0 0 5 0 
0 . 1 O.38 0 . 0 2 0o0036 0.02 0 .17 5 .00 
0.01 Go.11 Q.00(**) 0.6115 Q.0t(*^ 0.05 50.02 
0.001 0 .03 0 . 0 0 ( * * ) 0.0365 0-rOQ(*'*) 0 . 0 1 c0^ 0 0̂  
0.70 1 0 . 0 2 . 5 4 0.1.5 0.00Oi. 0.16 1 .11 0.07 
1.0 0 .73 0.03 0.0013 0.06 o«39 0 0 7 0 j 
• 0 . 1 
0 . 0 1 0.0c59 Co 01 On 11 7.00 
0 . 0 1 0 0 07 O.OO(**) ?.0024 O.OO(**) Co03 " • ' 0 , ~2 
0 . 0 0 1 0 .02 0 . 00(**5 O . O 3 9 I 0 . 0 C ( > : "t; 0.01 70C 0 05 0.80 1.0.0 "2,25 0.15 0 0 0004 001 2 0„°7 0,0:0 
1 . 0 0.63 0.C3 0.0012 0.04 O.3.I 0.80 
0.1 0.21. 0.01 0.0040 0 001 00 00 £. OC 0 .01 0.06 0 .012 9 0 . 00 ( -** ) 0.0-3 80.02 
0 . 0 0 1 0 . 0 2 0o00(**) 0.04 08. O.OO(#*) O»OO(** j 800.05 
O 0 9 . O 1 0 . 0 2 . 0 2 0*l4 0 .0004 O.o8 0.69 0.09 
loO 0.58 0 . 0 3 0.0015 0.03 Co24 0.90 
0.1 0.18 0.01 0 .0042 0.01 0 008 9.00 
0 .01 0.05 O.C'T'^'*) 0.0135 0 0 OCA**) 0.02 90 0 01 
0.001 0.01. 0 . 0 G ( * * j 0.0426 0.0OA<-*) O.OCVM 900005 
0.95 1.0.0 lo92 0»14 0 .0004 0 . 0 7 0.62 0.10 
1.0 0 . 4 8 0o02 0 . 0 0 1 4 0.04 0.26 ~°95 
0.1 0 016 C. G0f**) 0.0043 0.01 0.07 9-30 
0.01 0. r^ Q.C0(**) 0.0138 0*00(*#) 0.C2 95,01 
Co 001 0 .00(**) 0.0436 0 . 0 0 ( * * ) 0.00(^ I 95 G. 03 1. a 00 1,0 .0 1.84 0.13 0*0004 0o0c 0.55 ' C I O 
1.0 0 .46 0 . 0 2 0 . 0 0 1 . 4 0 .03 C.23 ] OR 0 . 1 0.15 0 . 0 0 ( * * ) 0.0045 0 .01 0 .07 10.00 
0 . 0 1 0*04 0o0G(**) 0.0141 C.COO**) 0o02 1 0 0 . 0 1 
0 .001 0 .01 0.0O(**) 0.0448 CoOC(•*•*} O.OOH 1,000 o0c: 
( * )xne d i s c u s s i o n a t . t h e b e g i n n i n g o f t h i s Appendix e x p l a i n s t h e 
meaning o f t h e numbers i n f h i s r o i emn. 
(**)No chang e i n the:: i f i r s t s i x p l a c e s c 
1000.0 , 















1 0 . 0 , 
1.0, 
0 . 1 , 
0 . 0 1 , 
0 . 0 0 1 








 i — ^ 
-
$̂ î  
^ ^ ^ ^ • 
KEY FOR COST RATIO A 
A = 1.0 
A = 0 . 5 . 
A = 0 . 0 
• i i 1 , i i i 1 i i i i i l i t 1 I I I - I I I I i i i i i i i i 
0 . 1 1.0 0 .000001 0.00001 0 . 0 0 0 1 0 . 0 0 1 0 . 0 1 
Cost R a t i o B 
F i g u r e 1. Optimum I n s p e c t i o n I n t e r v a l s f o r Minimum Cost -
Con t inuous S c r e e n i n g . 
1 0 . 0 1 0 0 . 0 
1 2 2 
0 . OL 1 -I ' L_ J 1 1 L_ ^—I ; 1 
0 . 0 0 . 2 0 . 4 0 . 6 0 . 8 1 . 0 1 . 2 1 . 4 1 . 6 1 . 8 2 . 0 
I n s p e c t i o n I n t e r v a l ( h o u r s ) 
F i g u r e 8 . T o t a l R e l e v a n t Cost E q u a t i o n -
C o n t i n u o u s S c r e e n i n g . 
1 2 3 
APPENDIX H 
2 A 
a = "R" ' 
and 
k = 
l o g ( R h Q p ) 
l og 2 
For e x a m p l e , i f B = 0 * 0 1 ( s e e T a b l e 2 3 ) and R ^ 1 0 0 , A = 0 . 1 , A = 0 . 5 0 
t h e n h Q p = 0 . 4 3 7 , TRC 2 (h. « O . 4 3 7 ) = 1 0 . 4 8 , k = 5 , and 
TRC2 ( h f c 2 = 0 . 0 8 0 ) = I I . 3 I , 
TRC2 ( h k - 0 . 3 2 0 ) = 1 . 0 . 5 0 , 
TRC 2 ( h k + 1 = 0 . 6 4 0 ) = 1 0 . 5 1 , 
TRC 2 ( h k + 3 «= 2 . 5 6 0 ) = 1 1 . 4 2 . 
INSPECTION INTERVALS FOR MINIMUM COST - SEQUENTLAL 
SCREENING AND CHANCE FAILURES 
The T a b l e s i n t h i s Appendix g i v e t h e optimum i n s p e c t i o n i n t e r v a l 
( h ) and TRC„ (h = h ) f o r s e l e c t e d v a l u e s of A, R, and t h e c o s t r a t i o s op 2 op 3 3 
A and B , w i t h d = 0 . The T a b l e s a l s o c o n t a i n TRC*, f o r f o u r v a l u e s of 
hi h , a = k - 2 , k , k + 1 , and k + 3 , where a 
124 
Tab le 2 0 . I n s p e c t i o n I n t e r v a l s f o r Minimum C o s t , 
S e q u e n t i a l S c r e e n i n g and B •= 1 0 0 . 0 , 
R = 10 ( u n i t s / h o u r ) 
X ( f a i l u r e s / 
*) (*) 






f a i l u r e f r e e i r { k~2 I n s p e c t i o n k + 3 TRC2 
r u n n i n g h o u r ) I n t e r v a l 
( h o u r s ) 
0.2.5 1..0 1 8 3 . 2 7 1 0 7 . 9 6 4 . 6 4 I.O7.O3 1 2 6 . 2 0 1 0 6 . 0 7 
0 . 1 2 2 5 . 5 4 1 3 6 . 7 2 26 .08 1 5 2 . 7 8 305 .62 1 3 6 . 7 1 
0 . 0 1 5 5 6 . 7 0 3 1 6 . 5 8 1 1 4 . 5 7 350 .76 9 2 0 . 4 3 315o38 
0 . 5 0 1.0 1 8 3 . 2 0 I O 7 . 8 3 4 . 6 4 1 0 6 . 8 8 1 2 6 . 0 0 1 0 5 . 9 3 
0 . 1 2 2 5 . 3 9 1 3 6 . 5 2 2 6 . 0 9 1.52.56 305 .35 1 3 6 . 5 1 
0 . 0 1 5 5 6 . 5 0 3 1 6 . 3 3 114 .59 3 5 0 . 4 9 9 2 0 . 1 0 315 .12 
O . 9 O 1.0 I 8 3 . O 8 I .O7.64 4.66 106 .64 1 2 5 . 6 8 1 0 5 . 7 1 
0.1. 2 2 5 . 1 5 1 3 6 . 2 0 2 6 . 1 0 1 5 2 . 2 0 3 0 4 . 9 1 I.36.19 
0 . 0 1 5 5 6 , 1 . 8 3 1 5 . 9 3 1 1 4 . 6 1 350 .05 9 1 9 . 5 8 31.4 . 7 2 
The d i s c u s s i o n a t t h e b e g i n n i n g o f t h i s Appendix e x p l a i n s t h e 
meaning of t h e numbers .in t h i s co lumn. 
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Tab le 2 1 . I n s p e c t i o n I n t e r v a l s f o r Minimum C o s t , 
S e q u e n t i a l S c r e e n i n g , B = 1 . 0 . 
A 
A( f a i l u r e s / 
f a i l u r e f r e e 
r u n n i n g hour) 
R 




(*) I n s p e c t i o n 
I n t e r v a l 





( h o u r s ) 
0.25 1.0 10 6.69 3.49 1.09 3.56 7»86 5 . 4 0 
100 7.88 3.51 1.14 5.21 6 .22 5 . 2 0 
0 . 1 10 23.64 15.71 4 . 0 8 16.1.0 29.45 15.56 
100 26.50 15.82 4.1.5 15.54 24.74 15.25 
0 . 0 1 10 155.74 115.38 13.74 1.18.57 162 . 10 115 .35 
100 140.91 115 .56 15.81 116 .07 1.48.58 H.4.89 
0.50 1.0 10 6.67 3.42 1.10 5 .46 7 . . 7 I 5.52 
100 7.86 5-50 1.14 3.19 6 . 2 0 5.18 
0 . 1 10 23.56 1-5 -59 4.1.1 15.95 29.25 15 .45 
100 26 . 48 15.80 4.1.6 1.5,32 24.72 15.20 
0 . 0 1 10 133.61 115.21 13.77 118.17 161.85 115.17 
100 140.89 115.53 13.81 116 .04 148 .54 114.87 
0.90 1.0 10 6.63 3.50 .1.14 3«30 7 . 4 7 5-18 
100 7.85 3.48 1.14 5 » l 6 6.16 5 ^ 5 
0 . 1 10 2 3 . 4 4 15 . 39 4.15 15.71 28.91 15 .22 
100 26 .46 15.77 4.16 15.28 24.67 I 5 . I 7 
0.01. 10 135.41 11.4.95 15.81. 117.85 1.61.45 1.14.89 
100 140.86 11.5 .49 15.82 116 . 00 148.29 114.85 
v 'The d i s c u s s i o n a t t h e b e g i n n i n g of t h i s Append ix e x p l a i n s t h e 
meaning o f t h e numbers i n t h i s co lumn . 
1 2 6 
T a b l e 2 2 . I n s p e c t i o n . I n t e r v a l s f o r Minimum C o s t , 
S e q u e n t i a l S c r e e n i n g and B = 0 . 1 , 
R = 1 0 ( u n i t s / h o u r ) 
A 
A ( f a i l u r e s / 
f a i l u r e f r e e 
r u n n i n g hour,-) k - 2 k 
I n s p e c t i o n 
I n t e r v a l 
(*) 
k+l 
h v ' 
k + 3 
TRC* 
( h o u r s ) 
0 . 2 5 1 . 0 2 . 1 0 ( * * ) 1 • 7 3 0 , 3 3 1 . 6 7 2 . 4 3 1 . 6 5 
0 . 1 1 5 . 2 2 1 1 . 9 3 1 . 2 7 1 1 . 8 0 1 4 . 2 0 H . 7 6 
0 . 0 1 1 1 3 . 1 8 1.05 . 1 6 4 . 3 4 1 0 5 . 3 0 1 1 4 . 3 9 1 0 4 . 9 4 
0 . 5 0 1 . 0 2 . 1 0 M 1 - 7 0 0 . 3 5 1 . 6 2 2 . 3 3 1 . 6 1 
0 . 1 1 . 5 . 2 0 1 1 . 8 6 1 . 3 1 1 1 . 7 0 1 4 . 0 5 1 1 . 6 6 
0 . 0 1 1 1 3 . 1 0 1 0 5 . 0 3 4 . 3 7 1 0 5 . 1 5 1 1 4 . 1 9 1 0 4 . 8 1 
0 . 9 0 1 . 0 2 . 1 0 I . 5 4 0 . 4 1 1 . 6 6 3 . 4 9 1 . 5 4 
0 . 1 1 5 . 1 6 1 1 . 7 4 1 . 3 6 1 1 . 5 4 1 3 . 8 1 1 1 . 5 2 
0 . 0 1 1 1 2 . 9 8 1 0 4 . 8 3 4 . 4 2 1 0 4 . 9 1 1 1 3 . 8 7 1 0 4 . 5 9 
^ 'The d i s c u s s i o n a t t h e beg inn : .ng o f t h i s Append ix e x p l a i n s t h e 
meaning o f t h e numbers i n t h i s co lumn. 
^ ' h = 11 n k - 1 
1 2 7 
Tab le 23. I n s p e c t i o n I n t e r v a l s f o r Minimum C o s t , 
S e q u e n t i a l S c r e e n i n g , B m 0.01 
A 
A( f a i l u r e s / R 
f a i l u r e f r e e (un i t s / 
r u n n i n g hour) h o u r ) 
h<*> 
k-2 
I n s p e c t i o n 





( h o u r s ) 
0*25 1.0 100 1.52 1.19 0.127 1.18 1.42 1.18 
1000 1.34 1.15 0.137 1.18 1.62 1.15 
0,1 100 1.1.32 10.52 0»434 10.53 11.44 10,49 
1000 11.60 10.53 0 .443 10 .46 11.12 1 0 . 4 6 
0 . Q 1 100 103.33 101.48 1.403 101.74 105.38 101.47 
1000 1.04*04 IOI . . 5O 1.410 101.53 104.29 IOI.43 
0.50 1.0 100 1.52 1.18 0.131 1.1.7 i,.4o 1.17 
1000 1.34 1.15 0.138 1.18 1.62 1.15 
0.1 100 11.31 1 0 . 5 0 0.437 10.51 11.42 10 . 4 8 
1.000 11.60 10.53 0.443 10 .46 11.12 10 .46 
0.01 100 103.32 101 .46 1.405 101 . 7 2 105.36 101 .46 
1000 104 .04 10.1.50 1.410 101.53 104.28 101.43 
0.90 1.0 100 1.52 1.17 0.137 1.15 1.38 1.I.5 
1000 1-33 1.15 O.I38 1.18 1.61 1,15 
0.1 1.00 11.30 10 . 4 8 0,442 10.49 11.39 10 .46 
1000 11,60 1.0.52 0.444 10 .46 11.11 10.45 
0.01 100 103.30 101,43 1.410 101.69 105.32 1.01.43 
1000 104 .04 101.50 1.4.11 101.52 104.28 101.42 
^ 'The d i s c u s s i o n a t t h e b e g i n n i n g o f t h i s Appendix e x p l a i n s t h e 
meaning o f t h e numbers i n t h i s co lumn. 
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T a b l e 2 4 . I n s p e c t i o n I n t e r v a l s f o r Minimum C o s t , 
S e q u e n t i a l S c r e e n i n g and B - 0.001, 
R 100 ( u n i t s / h o u r ) 
A 
A ( f a i l u r e s / 
f a i l u r e f r e e 
r u n n i n g hour) 
b ( * ) 
k-2 
( * ) 
h k ; 
I n s p e c t i o n 
I n t e r v a l 
I J 'k+l k+3 TRC2 
" ( h o u r s )~ 
0.25 1 . 0 i . ic(** ) 1.07 0„034 1.06 1.12 1.06 
0.1 10.52 10.19 0.130 L O . ! / 10.38 10.17 
0.01 100 0.51 100.51 O.437 100.52 IOI.38 100.49 
0.50 1.0 1*1.0(** ) 1.06 O.O36 I 0 O 6 1.11 1.06 
0.1 10.52 10.18 0.133 l.c. 16 10.37 10.16 
0.01 101.30 100 . 50 0 . 4 4 0 100.51 IOI.36 100 . 47 
0.90 1 . 0 1.10 1.05 0 . 0 4 3 1 • 05 1.18 1.05 
0.1 10.51 10.17 0.139 10.15 IO.34 10 . 14 
0.01 101.29 100.48 0 . 446 100.48 101. .,33 100.45 
^ 'The d i s c u s s i o n a t t h e b e g i n n i n g of t h i s Appendix e x p l a i n s t h e 
meaning of t h e numbers in t h i s co lumn. 
(**) 
K ; h = h 
k-1. 
1 2 9 
Tab le 2 5 - I n s p e c t i o n I n t e r v a l s f o r Minimum C o s t , 
S e q u e n t i a l S c r e e n i n g and B ~ 0 . 0 0 0 1 
R * 1 0 0 0 ( u n i t s / h o u r ) 
A 
A( f a i l u r e s j 
f a i l u r e f r e e 
r u n n i n g h o u r ) 
h i * } 
k - 2 A ] . I n s p e c t i o n I n t e r v a l k + 1 n k + 3 •* TRC 2 
( h o u r s ) 
0 . 2 5 1 . 0 1 . 0 5 1 . 0 2 0 . 0 1 3 1 . 0 2 1 . 0 4 1 . 0 2 
0 . 1 1 0 . 1 5 1 0 . 0 5 0 . 0 4 4 1 0 . 0 5 1 . 0 . .14 1 0 . 0 5 
0 . 0 1 1 0 0 . 5 3 1 . 0 0 . 1 5 0 . 1 4 0 1 0 0 . 1 7 1 0 0 . 5 3 1 0 0 . 1 5 
0 . 5 0 1 . 0 1 . 0 5 . 1 . 0 2 0 . 0 1 3 1 . 0 2 1 . 0 4 1 . 0 1 
0 . 1 1 0 . 1 3 1 0 . 0 5 0 . 0 4 4 1 . 0 . 0 5 1 0 . 1 4 1 0 . 0 5 
0 . 0 1 1 0 0 . 3 3 1 0 0 . 1 4 0 . 1 4 1 . 1 0 0 . 1 . 7 1 . 0 0 . 5 3 1 0 0 . 1 4 
0 . 9 0 1 . 0 1 . 0 5 1 . 0 2 0 . 0 1 4 1 . 0 1 1 . 0 3 1 . 0 1 
0 . 1 1 0 . 1 3 1 0 . 0 5 0 . 0 4 4 1 . 0 . 0 5 1.0 0.13 1 0 . 0 4 
0 . 0 1 I O O . 3 3 1 0 0 . 1 4 0 . 1 4 1 I O O . I . 7 I . O O . 5 2 1 0 0 . 1 4 
The d i s c u s s i o n a t t h e b e g i n n i n g of t h i s Append ix e x p l a i n s t h e 
meaning of t h e numbers in. t h i s column.. 
Tab le 2 6 . I n s p e c t i o n I n t e r v a l s f o r Minimum C o s t , 
S e q u e n t i a l S c r e e n i n g and B = 0 . 0 0 0 0 1 , 
R = 1 0 0 0 ( u n i t s / h o u r ) 
A ( f a i l u r e s / , * 
f a i l u r e f r e e h> ' h ; ' I n s p e c t i o n h ; , * h i , ; TRC0 . , \ k - 2 k _ f k + 1 k + 3 2 A r u n n i n g hour) I n t e r v a l ^ 
( h o u r s ) 
0 . 2 5 1.0 1.01(**) 1 .01 0 .0034 1 .01 1 .01 1.00 
0 . 1 10 .05 1 0 . 0 2 0 . 0 1 3 0 1 0 . 0 2 1 0 . 0 4 10 .02 
0 . 0 1 1 0 0 . 1 3 1 0 0 . 0 5 0 . 0 4 3 7 10C. 0 5 1.00.14 1 0 0 . 0 5 
0 . 5 0 1 . 0 i.:oi(**) 1 . 0 1 0 . 0 0 3 6 1 .00 1 .01 1.00 
0 . 1 IO . O 5 ' 1 0 . 0 2 O . O I 3 3 1 0 . 0 2 1 0 . 0 4 10 .02 
0.01. 1 0 0 . 1 3 . 1 0 0 , 0 5 0 . 0 4 4 0 1 0 0 . 0 5 1 00 .14 100 .05 
0 . 9 0 1.0 1 .,01 1.00 0 . 0 0 4 3 1 .00 1.02 1 .00 
0 . 1 1 0 . 0 5 10 .02 0 . 0 1 4 0 1 0 . 0 1 1 0 . 0 3 1 0 . 0 1 
0 . 0 1 1 0 0 . 1 3 1 0 0 . 0 5 0 . 0 4 4 6 1 0 0 . 0 5 1 0 0 . 1 3 i o c . 0 4 
K The d i s c u s s i o n a t t h e b e g i n n i n g of t h i s Append ix e x p l a i n s t h e 
meaning o f t h e numbers in. t h i s co lumn. 
(**) 
1000 .0 
1 0 0 . 0 
1 0 . 0 
0 . 0 0 0 0 1 0 . 0 0 0 1 0 . 0 0 1 0 . 0 1 0 . 1 
Cost R a t i o B 
1.0 1 0 . 0 
F i g u r e 9 ' Optimum I n s p e c t i o n I n t e r v a l s f o r Minimum Cost 
S e q u e n t i a l S c r e e n i n g . 
1 3 2 
Figure 1 0 - Total Relevant Cost Equation -
Sequent ial Screen ing. 
1 3 3 
APPENDIX I 
THE PROCESS FAILURE DENSITY FUNCTION OF MODEL I I 
Wearout Models 
The s e l e c t i o n of a f a i l u r e d e n s i t y f u n c t i o n f o r w e a r o u t f a i l u r e 
w i l l b e c o n f i n e d t o two p a r a m e t e r d i s t r i b u t i o n s » I t i s f e l t t h a t t h e 
q u a l i t y of l i f e d a t a o b t a i n a b l e in, most p r a c t i c a l c a s e s n e v e r w a r r a n t s 
t h e u se of more t h a n t w o p a r a m e t e r s . A s u r v e y of t h e l i t e r a t u r e on w e a r -
ou t models shows t h a t t h e r e a r e o n l y f o u r models o f g e n e r a l i m p o r t a n c e . 
The w e a r o u t models a r e r e v i e w e d f i r s t , t h e n t h e p r o c e s s f a i l u r e d e n s i t y 
f u n c t i o n ( t h e " a d d i t i o n " o f t h e gamma and e x p o n e n t i a l d e n s i t i e s ) i s d i s ­
c u s s e d . 
W e i b u l l D i s t r i b u t i o n 
The two p a r a m e t e r W e i b u l l p r o b a b i l i t y d e n s i t y f u n c t i o n i s 
< (Xkt0^1 e'*^ f o r t > 0 
f ( t )«J ' > ( 1 ) 
L 0 f o r t < 0 
where a > 0 and A > 0 . When a ~ 1 i t i s s e e n t h a t t h e e x p o n e n t i a l d i s t r i ­
b u t i o n i s a s p e c i a l c a s e OF t h i s d i s t r i b u t i o n . The W e i b u l l d i s t r i b u t i o n 
ha s b e e n i n v e s t i g a t e d a s a model f o r w e a r o u t f a i l u r e i n ( i l ) , ( 1 2 ) , and 
( 1 8 ) . 
T r u n c a t e d Normal D i s t r i b u t i o n 
I f f ( t ) i s t h e no rma l p r o b a b i l i t y d e n s i t y f u n c t i o n ( N(u , a ) , u t h e 
mean and a t h e v a r i a n c e , u > 0 ) t h e n t h e t r u n c a t e d n o r m a l d e n s i t y f u n c ­
t i o n , f * ( t ) , i s 
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f ( t ) 
1 ( t ) 
for t > 0 
1(X)dX 
(2 
for t < C 
The truncation is necessary because f ( t ) is defined, for t < 0. The trun 
cation is of negligible importance i f u - 3c > 0. and then f.(t) may be 
used for f ( t ) . Flehinger and Lewis (11) and Pierusehka (1,3) study the 
use of this distr ibution is wearout models. 
Lognormal Distribution 
Pierusehka (13) makes the substitution 
t - u - u In ( t /p) 
in the normal distr ibution which produces the lognormal d istr ibut ion. 
The lognormal density function is 
a.-
(.5; 
for t < 0 
Pierusehka, in (13), states "Experience ix-.dieat€s that the normal 
distr ibution must be replaced by the logarithmic normal distr ibut ion whea 
the failures are distributed ever time." But . Flehinger and Levis, in (. 
show that the lognormal distr ibut ion is not capable of f i l i n g as wide a 
range of l i fet ime behavior as the truncated normal, 
tr ibut ions. The reader is referred to (25) for a thorough account of 
the applications of the lognormal distr ibut ion. 
i b u l l , or gamma d 
1 3 5 
Gamma D i s t r i b u t i o n 
The gamma d i s t r i b u t i o n has been p r o p o s e d a s a w e a r o u t f a i l u r e 
model i n ( 1 3 ) , ( 1 4 ) , and ( 1 8 ) . The gamma d e n s i t y f u n c t i o n i s 
and p > 0 , N > 0 . 
Lloyd and Lipow ( L 8 ) show t h a t u n d e r a r e a l i s t - i c s e t o f a s sump­
t i o n s t h a t a p r o c e s s t h a t T a i l s b e c a u s e o f c h a n c e a n d w e a r c u t c a u s e s , t h e 
u n d e r l y i n g d i s t r i b u t i o n , f o r w e a r o u t a l o n e i s t h e gamma d i s t r i b u t i o n a T h e 
assume a f a i l u r e o c c u r s b e c a u s e o f w e a r o u t , s a y f a t i g u e o r d e p l e t i o n of 
m a t e r i a l , a f t e r r e c e i v i n g N " s h o c k s . " The t i m e b e t w e e n " s h o c k s " i s e x p o ­
n e n t i a l l y d i s t r i b u t e d , o r t h e a r r i v a l o f a " shock" i s a random o c c u r r e n c e 
The re a r e two t y p e s o f " s h o c k s » " One t y p e of " s h o c k " w i l l c a u s e .immedi­
a t e f a i l u r e and t h i s c o r r e s p o n d s t o chance f a i l u r e . T h e mean t i m e b e t w e e 
l a r g e " s h o c k s , " o r t h o s e t h a t p r o d u c e immedia te f a i l u r e , i s A o c c u r r e n c e s 
p e r h o u r . The o t h e r t y p e of "shock 1 ^ c a l l i t t h e mi ld " s h o c k , " c a u s e s 
f a i l u r e o n l y a f t e r N s u c h s h o c k s have b e e n r e g i s t e r e d . T h i s mi ld " s h o c k " 
c o r r e s p o n d s t o p a r t i a l w e a r o u t . T h e p a r a m e t e r N can b e i n t e r p r e t e d a s 
t h e p r o c e s s e s ' r e s i s t a n c e t o mi ld " s h o c k s , " o r i n a r e d u n d a n t s y s t e m , t h e 
number of components in, p a r a l l e l * . The p a r a m e t e r u i s t h e a v e r a g e a r r i v a l 
r a t e o f m i l d " s h o c k s . " I f t i s t h e t i m e t o a p r o c e s s f a i l u r e , and N i s 
an i n t e g e r , i t i s shown i n ( 1 8 ) t h a t t h e p r o b a b i l i t y d e n s i t y f u n c t i o n o f 
t , g ( t ) , i s 
f o r t > 0 
) 
0 f o r t < 0 
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N N-1 -ut 




3 r (N) 
dX [ f o r t > 0 
f o r t < 0 
( 5 ) 
E x a c t l y t h e same form f o r g ( t ) i s o b t a i n e d b y t h e " ' a d d i t i o n " ( s e e 
e q u a t i o n (3) o f Appendix A) of t h e e x p o n e n t i a l , and gamma d e n s i t i e s . 
P r o c e s s F a i l u r e D e n s i t y F u n c t i o n 
E q u a t i o n (5) may be s i m p l i f i e d t o t h e form 
.1 
- ( M u ) t 
s ( t ) 






f o r f > 0 
f o r t < 0 
I f G ( t ) i s t h e p r o c e s s f a i l u r e d i s t r i b u t i o n f u n c t i o n t h e n 
G ( t ) = 1 - e " A t [ 1 
( N - 1 ) ! 
dX 
(6) 
= 1 - e •(A-fp)t ^ ( u t )
1 
i - o 
I n o r d e r t o s i m p l i f y t h e c a l c u l a t i o n o f v a l u e s of g ( t ) and G ( t ) 
f o r a n y A, p , and N, e q u a t i o n s (6) and (7) a r e r e w r i t t . e n i n t h e forms 
( s e e (1.8)) 
g(t) = e " A t <! u.q(N-l, ut) -h A I - P(N (6) 
and 
•At G ( t ) - 1 - e " u 1 - P (N, u t ) , (9) 
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where 
q(X, a ) i (10) 
and 
0  P ( C , a ) l ( X , a ) . (11) 
Both e q u a t i o n s (10) and ( l l ) have b e e n t a b u l a t e d i n (20). Lloyd 
and Lipow, i n (1.8), have p roduced t h e g r a p h of g . ( t ) f o r t h e c a s e s (j. » 1. DQ 
and N = 5, A = 0.01, 0.05, 0.10; N = 10, A s 0.01, 0.05, 0.10; and 
N =20, A - 0.01, 0.05, 0.10. The g e n e r a l s h a p e o f g ( t ) i s s i m i l a r t o 
t h e w e l l known human m o r t a l i t y c u r v e . 
I t may seem t h a t t h e i m p o r t a n c e o f t h e n o r m a l and l o g n o r m a l d i s ­
t r i b u t i o n s have b e e n n e g l e c t e d . T h i s i s n o t t h e c a s e b e c a u s e t h e gamma 
d i s t r i b u t i o n c a n b e a p p r o x i m a t e d b y t h e n o r m a l d i s t r i b u t i o n i n a c e r ­
t a i n l i m i t i n g s e n s e . I f A = 0, and p. «= (3IT, t h e n a s N —1*> °© g ( t ) becomes -1 2 - 1 n o r m a l l y d i s t r i b u t e d with, mean p and v a r i a n c e ( p i ) " ' ( s e e ( 1 8 ) ) . I n 
(13) i t i s n o t e d t h a t t h e l o g n o r m a l d i s t r i b u t i o n becomes a p p r o x i m a t e l y 
n o r m a l when t h e mean i s much l a r g e r t h a n t h e v a r i a n c e . T h e r e f o r e , t h e 
t h r e e d i s t r i b u t i o n s a r e a l l r e l a t e d i n a c e r t a i n l i m i t i n g s e n s e . 
P i e r u s c h k a (13) s t a t e s "We may p r o v e , by a x^- tes t , . t&&t a g i v e n h i s t o ­
gram i s f i t t e d b y a gamma d i s t r i b u t i o n a s w e l l a s by a n o r m a l d i s t r i b u ­
t i o n . " I n many c a s e s t h e f a i l u r e d a t a w i l l b e e q u a l l y w e l l f i t t e d b y a n y 
one of t h e t h r e e d i s t r i b u t i o n s . 
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APPENDIX J 
ESTIMATING THE PARAMETERS OF THE PROCESS FAILURE 
DISTRIBUTION FOR MODEL I I 
Le t 
t ~ t h e i t h o b s e r v a t i o n on t h e p r o c e s s r u n n i n g t i m e t o a f a i l u r e , 
t = t h e i t h o b s e r v a t i o n on t h e p r o c e s s r u n n i n g t i m e t o when a 
f a i l u r e was d i s c o v e r e d . 
F i r s t assume t h a t t h e t . numbers a r e a v a i l a b l e . 
1 
When t h e p r o c e s s f a i l s i t may b e p o s s i b l e , f o r example b y i n s p e c t ­
ing t h e machine t o o l , t o d e t e r m i n e w h e t h e r t h e f a i l u r e was a r e s u l t of 
chance o r w e a r o u t c a u s e s . I f t h i s i s t h e c a s e l e t 
t ^ c = t h e i t h o b s e r v a t i o n on t h e p r o c e s s r u n n i n g t i m e t o a 
c h a n c e f a i l u r e , and 
t . - t h e i t h o b s e r v a t i o n on t h e p r o c e s s r u n n i n g t i m e t o a 
1W 
w e a r o u t f a i l u r e . 
The t ^ c numbers and e q u a t i o n ( l ) of Append ix B w i l l p r o v i d e a n e s t i m a t o r 
f o r A . To o b t a i n e s t i m a t e s f o r p and. N one may u s e t h e maximum l i k e l i ­
hood method o r t h e t e c h n i q u e o f m a t c h i n g moments . T h e r e i s no c l o s e d 
form s o l u t i o n f o r t h e maximum l i k e l i h o o d e s t i m a t o r s f o r t h e gamma d i s t r i ­
b u t i o n and t h e r e a d e r i s r e f e r r e d t o ( l 8 ) f o r an a p p r o x i m a t e method f o r 
o b t a i n i n g t h e s e e s t i m a t e s . The t e c h n i q u e o f m a t c h i n g moments i s t o e q u a t e 
v I t i s assumed t h a t t h e l a g t i m e d , which, i t t a k e s t h e i n s p e c ­
t o r t o d e c i d e w h e t h e r t h e p r o c e s s has f a i l e d o r n o t f a i l e d , has b e e n 
s u b t r a c t e d i n o b t a i n i n g t h e t * n u m b e r s . 
139 
p o p u l a t i o n moments w i t h t h e i r c o r r e s p o n d i n g u n b i a s e d sample moments„ For 
t h e gamma d i s t r i b u t i o n . , t h i s t e c h n i q u e o f m a t c h i n g moments w i l l u s u a l l y 
r e q u i r e l e s s c o m p u t a t i o n t h a n t h e maximum l i k e l i h o o d me thod , and Lloyd and 
Lipow (18) s t a t e " . » a f o r s m a l l s amples t h e r e i s a p p a r e n t l y no e a s y way 
o f c h o o s i n g be tween t h e two ways f o r t h i s p a r t i c u l a r problem, ." 
I t i s u s u a l l y t h e c a s e t h a t i t i s i m p o s s i b l e t o p a r t i t i o n t ^ i n t o 
t . and t . » To o b t a i n e s t i m a t e s o f A, u,, and N t h e t e c h n i q u e o f m a t c h i n g i e IW * ^ ' 
moments may b e u s e d . Now, t h r e e moments o f g ( t ) a r e n e e d e d , and i t can 
— 2 
be shown t h a t i f p and a a r e t h e mean and v a r i a n c e of g ( t ) , t h e n 
One f u r t h e r moment must b e c a l c u l a t e d and t h e n t h e r e a r e t h r e e e q u a t i o n s 
w i t h t h r e e unknowns wh ich can b e s o l v e d f o r A , u , and No 
# • 
Now assume o n l y t h e t . numbers a r e a v a i l a b l e . I f t . can b e 
J I I 
d i v i d e d i n t o t . and t ' . , t h e n e q u a t i o n (5) of Append ix B w i l l g i v e a l c iw 
c o n s i s t e n t e s t i m a t o r f o r A. When t h e number of d e f e c t i v e s p roduced i s 
known f o r e a c h t . v a l u e , then t . can. be computed , and t h e t e c h n i q u e of xw ' iw 1 3 ^ 
m a t c h i n g moments o r t h e method o f maximum l i k e l i h o o d may b e used t o 
d e t e r m i n e e s t i m a t e s o f u and N. 
When t h e amount o f d e f e c t i v e p r o d u c t i o n i s n o t known f o r e a c h t ^ 
number and t h e t . and t . v a l u e s a r e u n a t t a i n a b l e , t h e r e d o e s n o t seem i c iw 
t o b e an e a s y way o f e s t i m a t i n g A, p , and N. 
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APPENDIX K 
DERIVATION OF P(i) AND E ^ i ) , & 1,2,3,4, 
FOR MODEL II 
Recall that 
E(l N|i) = VE ( U U ) - E(UY|J) - f x , ( 1 ) 
where 
R RE(M J £ ) 
*(Uv|IM ^ T ^ J Y , (2) 
R_RE(T | J£) 
E<UL^ = TOW ' ( 5 ) 
E(M |i) = CE(l|i) - RE(sR b|i) + E(SNq| £) + E(R c|i) 
+ C dE(D|i) + YRE(L|X) , (4) 
and 
E((L4D)|i) - hE(.l|i) + d 4 E(D J i) , ( 5 ) 
for i = 1,2,3,40 
Case of I - 4 
In this case the process does not fail and it is easily seen 
that (the effect of d is d ^ 0) 
E(T[4) = Kh , ( 6 ) 
E(L|4) 4 E(D|4) = Kh 4 D w , ( 7 ) 
Ikl 
E( l |4 ) « K , ( 8 ) 
E t s H j l O = E{mQ\k) « 0 , (9) 
E(R C |4 ) .« ( R c ) w . (10) 
T h e r e f o r e 
E ( I N | 4 ) « 
(V-Y)RKh - (CK + C,D + (R_) ) "] x d v x C w 
P 1 Kh + D 
w 
!> - f x . (11) 
Case of £ ~ 5 
C o n s i d e r t h e s a l v a g e income ( c o s t ) . I t i s s e e n t h a t ( s e e Wi lks 
(24) page 61 , and e q u a t i o n (3) o f C h a p t e r I I I ) , 
Kh. 
K h n / 4 x -At 
P Hu 7 ( t ) e 
s / d t o (12 ) 
w P(J=3) 
T h e r e f o r e 
E ( I 3) - / - ^ P V ~ d t > (13) 
y o P(JN3) 
E(LJ3) « h E ( l |3) + d , ( * } ( 1 4 ) 
E(SN o |3 ) - S w p (R { h + d } ) , (15) 
. ~ : — • ^ — — — ~ ™ — 
I f t h e p r o c e s s f a i l s i n t h e Kth i n s p e c t i o n i n t e r v a l t h e n t h e 
e f f e c t of d i s d = 0« The E ( I^ |3 ) e q u a t i o n i s f o r m u l a t e d f o r d ^ 0 when 
t h e p r o c e s s f a i l s i n t h e Kth I n s p e c t i o n i n t e r v a l . The e f f e c t of d = 0 
f o r t h e Kth i n s p e c t i o n i n t e r v a l may b e i n c o r p o r a t e d i n t o t h e model by par-
t i t i o n i n g £ 5= 3^ i n to two d i s j o i n t e v e n t s 1 f a i l u r e p r i o r t o ( K - l ) h , f a i l ­
u r e i n t h e i n t e r v a l ( ( K - I ) h , Kh) wi th , d « 0. 
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E(D|3) « D w , 
Kh 




E x p r e s s i o n s f o r and I a r e i n Appendix D and i t f e l l o w s t h a t 
E ( H y j ) = i i E ( l | e ) 4 d - E ( T p ) 
t h e r e f o r e 
E = H 
(V - s w)RE(T ( 3 ) 
R 
( C + R h ( Y ^ s w ) ) E ( l | 3 ) + 
S w p ( R ( h + d ) ) 4 ( R c ) w 
hB( 113) 4 d 4 D 
•fx. (19) 
Case o f i * 1 
In t h i s c a s e t h e r e i s a d i f f e r e n t v a l u e of s , RN, D, and. S f o r 
e ach c h a n c e f a i l u r e componen t c F i r s t c o n s i d e r s a l v a g e income ( c o s t ) and 
r 
E ( s R b | l ) - Y P ( q ) E ^ s E ^ l ) q , 
q t l I I J 
(20) 
where q i s t h e e v e n t t h a t i t was t h e q t h c h a n c e f a i l u r e component t h a t 
f a i l e d , when a c h a n c e f a i l u r e a r r i v e d p r i o r t o t h e t i m e ( K - l ) h . c 
I t i s s e e n t h a t 
P(q) 
( K - l ) h . -At v ' A e 
q. 
p ( i = i ) 




P ( q ) « 1 
I t f o l l o w s t h a t 
E (SHJ &=1) q 1 - E j s H j ^ l and q o c c u r r e d ^ = 
( K - l ) h T T -At 
t h e r e f o r e 
n 








s A | g (23) 
q=l. 
I t i s e v i d e n t t h a t t h e a rgumen t o u t l i n e d above i m p l i e s t h e fo l low­
i ng r e s u l t s i 
E ( D | 1 ) = D 
E ( R ^ l ) == RQ j 
E ( S N q | 1 ) - Sp(R { h + d } ) , 




( 2 ? ) 
E ( L | 1 ) = h E ( l | l ) + d , (28) 
and 
( K - l ) h _ X ( . j - > 
(29) 
where D, R^, and S a r e d e f i n e d i n t h e same manner a s s i s d e f i n e d i n 
e q u a t i o n ( 2 3 ) „ T h e r e f o r e 
( V - s ) B E ( T | l ) -
I 
{ b + R h ( Y - s ) J E ( l | l ) + R 
+ 0 + R(Y-s)d + 
d 
S p(R 
h E ( l | l ) + d + D 
- f x . ( 3 0 ) 
Case o f 1=2 
T h i s c a s e i s s i m i l a r t o £ = 1 . 0 It; i s n o t i c e d t h a t ( r e c a l l t h a t 
t h e e f f e c t of d i s d = 0 ) 
E f s H ^ ) * s E ( R B | 2 ) « s(Kh - E ( T | 2 ) ) , 
b e c a u s e 
(31) 
- Kh - T 
T h e r e f o r e 
E ( I J 2 ) - K , 
E ( R C | 2 ) « I , + ( R c ) w , 
E ( S N O | 2 ) * Sp(R £ h } ) 
(32) 
( 3 3 ) 
( 3 4 ) 
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E ( L | 2 ) = h E ( l | 2 ) = Kh , (55) 
E ( T | 2 ) 
Kh 
(K-l)fc 
tAe -At J 7(X)dx|dt , (36) 
and 
E ( D | 2 ) = D w , (37) 
b e c a u s e ~ t h e f a i l e d ( c h a n c e f a i l u r e ) component w i l l b e changed a t t h e 
same t i m e a l l t h e w e a r o u t components a r e b e i n g changed and D » D. 
w 
T h e r e f o r e 
E ( I W 2 ) i H R 
( V - s > R E ( T | 2 ) -
I" 
1 {c 4 R2I(Y-SJ|K 
4 IL 4 (Rk) 4 CYD C • C w d w 
L+ S 0 ( R ( h ) ) 
Kh 4 D 
w 
"X* 
The P r o b a b i l i t i e s P 
When i = .4, t h e n 
P ( 4 ) - / g ( t ) d t - 1 - G-(Kh) - ©" 
j Kh 
N-1 
>(A4p)Kh y (pKhj 
> 0 
(39) 
where G ( t ) i s d e f i n e d by e q u a t i o n (3) o f C h a p t e r I I I . 
I f j} = 3, i t i s s e e n t h a t 
Kh p(3) = r 7(t)e"At dt 
Ih6 
N-1 




Now c o n s i d e r t h e e v e n t £ = and i t can h e shown t h a t 
P ( l ) 
< K - l ) h 
N-1 
Ae 7(X)dX I d t = ^ r
 ( K " 1 ) h t J e - ( A + , ) t d t 
r>o 
N - 1 
. ( 4 1 ) 
The p r o b a b i l i t y P ( 2 ) f o l l o w s d i r e c t l y from P ( l ) b e c a u s e P(i*=2) i s 
P ( i ~ l ) w i t h K s u b s t i t u t e d f o r K-1 minus P ( i s l ) . 
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APPENDIX L 
LIST OF SYMBOLS 
Model I C h a p t e r I I 
h s= i n s p e c t i o n i n t e r v a l . 
A = number of p r o c e s s f a i l u r e s , a s a r e s u l t o f chance c a u s e s , 
e ( t ) =s p r o c e s s f a i l u r e d e n s i t y f u n c t i o n , equa l lor. ( l ) . 
T^. - maximum e x p e c t e d n e t i ncome . 
h - t h a t h > 0 t h a t p r o d u c e s TA/r„ op — ^ M 
E - s t a t i s t i c a l e x p e c t e d v a l u e o p e r a t o r . 
|̂J|= g r e a t e s t i n t e g e r f u n c t i o n . 
V s= p r o d u c t s a l e p r i c e . 
U as t o t a l s a l e a b l e u n i t s p roduced p e r y e a r . 
H^ - t o t a l p l a n t o p e r a t i n g c l o c k h o u r s p e r yea r„ 
R = p r o d u c t i o n r a t e ( c o n s t a n t } . 
s = s a l v a g e v a l u e p e r d e f e c t i v e . 
C ~ i n s p e c t i o n c o s t . 
S ~ u n i t s c r e e n i n g cos t . . 
" t o o l c y c l e " ~ c l o c k h o u r s from a "new" t o o l t o a "new" t o o l . 
R ~- r e t o o l i n g cost , p e r t o o l c y c l e . 
D ••= downtime p e r t o o l c y c l e . 
L - t o t a l p r o c e s s r u n n i n g h o u r s p e r t o o l c y c l e 0 
p e r h o u r . 
L E(L) 
I number o f i n s p e c t i o n s p e r t o o l c y c l e . 
1.48 
I - E(I). 
= h o u r s o f bad p r o d u c t i o n p e r t o o l , c y c l e . 
= E ( H b ) . 
N = number of u n i t s s c r e e n e d p e r t o o l c y c l e . 
o 
N = E(N ). 
o x o' 
d = time to complete a process inspection. 
p(R^htdA) == mean number of units screened per tool cycle when sequen­
t i a l m i d - r a n g e s e a r c h i s u s e d , e q u a t i o n ( 3 2 ) . 
T = t i m e t o p r o c e s s f a i l u r e , 
v = t o t a l v a r i a b l e c o s t p e r n o n - d e f e c t i v e . 
Y « t o t a l v a r i a b l e p r o d u c t i o n c o s t p e r u n i t p r o d u c e d , 
f = t o t a l f i x e d p r o c e s s c o s t p e r y e a r . 
C^ = p r o c e s s i d l e t i m e c o s t p e r hour of i d l e p r o d u c t i o n , 
m - t o t a l number o f t o o l c y c l e s i n t h e y e a r , 
M = t o t a l v a r i a b l e c o s t p e r t o o l c y c l e . 
TRI = t o t a l r e l e v a n t income e q u a t i o n when U i s a v a r i a b l e , e q u a t i o n 
TRC - t o t a l r e l e v a n t c o s t e q u a t i o n when U i s c o n s t a n t , e q u a t i o n ( 3 7 ) • 
A = a c o s t r a t i o , e q u a t i o n ( 4 0 ) . 
B = a c o s t r a t i o , e q u a t i o n (4l). 
GC = d + D, 
o 
Cg = a c o s t r a t i o f o r TRI, e q u a t i o n ( 2 1 ) . 
Cg^ = a c o s t r a t i o f o r TRI when c o n t i n u o u s s c r e e n i n g i s u s e d , e q u a ­
t i o n ( 4 3 ) . 
C « a c o s t r a t i o f o r TRI when s e q u e n t i a l s e a r c h i s u s e d , e q u a t i o n 
( 3 6 ) . 
( 4 8 ) . 
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u r e component . 
s^ = s a l v a g e .income p e r d e f e c t i v e , when t h e i t h chance f a i l u r e 
c omponent fa i l e d . 
s = s a l v a g e income p e r d e f e c t i v e , w e a r o u t f a i l u r e , w ' 
n 
r 
A.s . / A. 11/ 
i = l 
= downtime f o r r e t o o l i n g t h e i th . c h a n c e f a i l u r e component 
D = downtime f o r c h a n g i n g a l l w e a r o u t c o m p o n e n t s . w 
D - £ D . A . / A . 
i=l. 
RQ = r e t o o l i n g c o s t f o r i t h chance f a i l u r e component , 
i 
RP = r e t o o l i n g c o s t f o r c h a n g i n g a l l . w e a r o u t c o m p o n e n t s . 
u w 
Rq = t h e maximum p r o c e s s r u n n i n g h o u r s , w i t h o u t a w e a r o u t f a i l u r e , 
t o an a u t o m a t i c p r e v e n t i v e m a i n t e n a n c e shu tdown . 
K = RqJ^-} a n i n t e g e r . 
h , K = t h e h > O . t h e K = 1,B' , 0 . t h a t p r o d u c e Tsir„ o p ' op — ' } - ' * M 
7 ( t ) = t h e p r o c e s s w e a r o u t d e n s i t y f u n c t i o n , e q u a t i o n ( l ) . 
g ( t ) = t h e p r o c e s s f a i l u r e d e n s i t y f u n c t i o n , e q u a t i o n ( 2 ) 0 
G ( t ) = t h e p r o c e s s f a i l u r e d i s t r i b u t i o n f u n c t i o n , e q u a t i o n (3). 
A = number of p r o c e s s f a i l u r e s , a s a r e s u l t o f w e a r o u t , p e r h o u r . 
N,p = p a r a m e t e r s of y{t), N i s an i n t e g e r and N/U. = 1/A . 
1 J w 
A = number of p r o c e s s f a i l u r e s , a s a r e s u l t o f chance c a u s e s , 
p e r h o u r . 
n^ = number o f chance f a i l u r e components» 
n^ = number o f w e a r o u t f a i l u r e c o m p o n e n t s . 




R c = Z R c . A i / A 
i = l 
= u n i t s c r e e n i n g c o s t , when t h e i t h chance f a i l u r e component f a i l e d 
S = u n i t s c r e e n i n g c o s t , w e a r o u t f a i l u r e -w & • 3 
n 
r 
S S . A . / A . 
i==l 
P ( i ) : p r o b a b i l i t y of t h e e v e n t lo 
ll any of f o u r d i s j o i n t e v e n t s p e r t a i n i n g t o p r o c e s s f a i l u r e , and 
^ P ( i ) - 1 . 
" t o o l c y c l e " - t i m e t o when a f a i l u r e i s d i s c o v e r e d , o r Kh, w h i c h e v e r 
o c c u r s f i r s t , p l u s t h e downtime„ 
I^j. s= n e t income p e r yean . 
G e n e r a l Model. - C h a p t e r IV 
X ( t ; | ) s= d i s t r i b u t i o n o f t h e p r o d u c t q u a l i t y c h a r a c t e r i s t i c , whe re 
t i s t h e p r o c e s s r u n n i n g h o u r s measured from t h e b e g i n n i n g o f t h e t o o l 
c y c l e , and | i s t h e measu re of t h e p r o d u c t q u a l i t y c h a r a c t e r i s t i c , 
Q * t h e q u a l i t y c o n t r o l p l a n t o b e u s e d . 
(Q)s= a c o l l e c t i o n o f f u n c t i o n a l l y .-independent v a r i a b l e s e a c h b e l o n g i n g 
t o Q s u c h t h a t t h e e l e m e n t s of © c o m p l e t e l y d e t e r m i n e Q. Q} , h „ K 
* 17 H o p ' o p 5 op 
= t h e v a l u e o f t h e v a r i a b l e s t h a t w i l l p r o d u c e T^ . 
•* j 
t - t h e t i m e t o a p r o c e s s f a i l u r e , o r Kh, w h i c h e v e r o c c u r s f i r s t . 
" i n - c o n t r o l . " = t h e p r o c e s s a c t i v i t y b e f o r e t * 
" o u t - o f - c o n t r o l " == t h e p r o c e s s a c t i v i t y a f t e r t * 
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H Q i t h e h y p o t h e s i s t h a t t h e p r o c e s s i s i n - c o n t r o l . 
H . t h e h y p o t h e s i s t h a t t h e p r o c e s s i s o u t - o f - c o n t r o l , a 
a - t y p e I e r r o r . 
P = t y p e I I e r r o r . 
n = sample s i z e . 
Cj. = c o s t o f t y p e I e r r o r . 
I = number of i n - c o n t r o l i n s p e c t i o n s p e r t o o l , c y c l e , 
a - f i x e d c o s t p e r s a m p l e , 
b ~ v a r i a b l e c o s t p e r s a m p l e . 
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